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[57] ABSTRACT 

A virtual file management system constructed with a plu- 
rality of servers and a plurality of terminals that share file 
services provided by said servers, is that a virtual file 
management apparatus operating in at least one of said 
plurality of servers is provided that has: a management table 
which manages files stored on said plurality of servers by 
using virtual file identifiers, and in which a server name of 
a server where real data is stored and a real file identifier in 
said server are stored as a set for each of said virtual file 
identifiers; a receiving section which receives a file access 
request from each of said terminals; a request analyzing 
section which checks said management table by using the 
virtual file identifier contained in the file access request 
received by said receiving section, and thereby determines 
the server where the real data of the requested file is stored; 
a transmitting section which transmits data; and a request 
modification processing section which modifies said file 
access request so that a response to said file access request 
can be sent back to the terminal that issued said access 
request, directly from the server determined by said request 
analyzing section, and which instructs said transmitting 
section to transmit said modified file access request to said 
determined server, and 

said plurality of servers each include a request processing 
section which receives the file access request transmit- 
ted from said transmitting section of said virtual file 
management apparatus, and processes said received file 
access request, and which transmits the processed 
result to said terminal at least when said file access 
request is a request to read file contents. 

24 Claims, 33 Drawing Sheets 
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VIRTUAL FILE MANAGEMENT SYSTEM 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 5 
The present invention relates to a virtual file management 

system that allows sharing of files, for example, in a client/ 
server computing system, and more particularly to a virtual 
file management system that can be utilized to distribute 
server workload. !0 

2, Related Art of the Invention 

In recent years, storage capacity demanded of a system 
has been increasing rapidly in order to handle large volumes 
of data such as video data. With this trend, client/server 
information processing systems have come to be constructed 15 
with a plurality of servers to increase the processing capa- 
bilities of the entire system by distributing access requests 
from terminals (client computers), while securing larger 
storage capacities with data distributed across the plurality 
of servers for storage. 20 

In such client/server information processing systems with 
multiple server computers, since each individual client com- 
puter (terminal) is tasked with the management of mount 
tables, etc. for server computers that it uses, increased 
complexity of the management becomes a problem. 25 

To solve this problem, Japanese Patent Unexamined Pub- 
lication No. 5-241934 discloses a method which realizes a 
system that performs flexible file management to handle the 
addition of servers and transfer of files. According to this 3Q 
method, a client computer can access files distributed across 
a plurality of server computers by accessing a single virtual 
file management system regardless of the actual location of 
the files. The operation of the virtual file management 
system disclosed in Japanese Patent Unexamined Publica- 35 
tion No. 5-241934 will be described briefly below with 
reference to relevant drawings. 

FIG. 30 is a diagram showing the configuration of the 
virtual file management system proposed in Japanese Patent 
Unexamined Publication No. 5-241934, and FIG. 31 is a 40 
diagram illustrating a flow of operations when a terminal 
accesses a file stored on a server computer by using the 
virtual file management system. In FIG. 30, reference 
numerals 3001a and 3001/; designate server computers. 
Reference numeral 3002 indicates a virtual file management 45 
apparatus operating in the server computer 3001a; the 
apparatus comprises a management table 3003 which man- 
ages each of the files stored across the entire system by using 
a set of attributes consisting of a virtual file identifier, a 
server identifier, and a real file identifier in the associated 50 
server, an access request processing section 3006 which 
processes file access requests, a receiving section 3007 
which receives file access requests, and a transmitting sec- 
tion 3008 which transmits data. Further, reference numerals 
3004a and 3004b designate file systems which are managed 55 
within the server computers 3001a and 3001/?, respectively; 
3005 represents request processing sections which process 
file access requests made to the file systems 3004a and 3005, 
respectively; and 3009a, 30096, and 3009c are client com- 
puters. The client computers, 3009a, 30096, and 3009c, and 60 
the server computers, 3001a and 30016, are connected 
through a network 111, as shown. 

The operation of the thus constructed virtual file manage- 
ment system will be described below with reference to 
FIGS. 30 and 31. Suppose that when the contents of the 65 
management table 3003 in the virtual file management 
apparatus 3002 such as shown in FIG. 32 show that the 
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server identifier is 30016 and the real file identifier is "a" for 
the virtual file identifier A, a read access request designating 
the virtual file identifier A is issued from the client computer 
3009a. In that case, the receiving section 3007 of the virtual 
file management apparatus 3002 in the server computer 
3001a receives the read access request from the client 
computer 3009a (step S3101). Next, the access request 
processing section 3006 checks the management table 3003, 
and acquires the server identifier 30016 and the real file 
identifier "a" for the virtual file identifier A (step S3102). 
Then, a read access request designating the file identifier "a" 
is issued from the transmitted section 3008 to the server 
computer 30016 (step S3103). In the server computer 30016 
that received the read access request for the file identifier 
"a", the request processing section 3005 reads data of the file 
identifier "a" from the file system 30046, and sends a 
response to the server computer 3001a. In the server com- 
puter 3001a, the receiving section 3007 receives from the 
server computer 30016 the response to the read access 
request for the file identifier "a" (step S3104). Next, the 
received response data is transmitted from the transmitting 
section 3008 as response data to the client computer 3009a 
that originated the read access request (step S3105). 

In this way, in the system disclosed in Japanese Patent 
Unexamined Publication No. 5-241934, file access requests 
from the client computers are all received by one particular 
server computer. More specifically, when a file access 
request is received, that particular server computer, based on 
the virtual file identifiers it manages, retrieves data of the 
requested file from the server computer where the real data 
of the file is stored, and transfers the retrieved data to the 
requesting client computer; in this way, each client computer 
can access files distributed across the plurality of server 
computers regardless of the actual location of the requested 
file. 

However, since response data to the requesting client 
computer is always transferred twice through the network, 
first from the server computer where the real data of the file 
is stored to the server computer where the virtual file 
management apparatus is operating, and then from this latter 
server computer to the requesting client computer, the above 
configuration has had the problem that not only the delay in 
responding to the client computer becomes large but also the 
network workload increases by a factor of 2 as compared 
with a system that does not use such a virtual file manage- 
ment apparatus. 

Furthermore, despite the use of multiple server 
computers, when file access requests are made simulta- 
neously from multiple client computers for a limited number 
of files, for example, access is concentrated on a particular 
server computer and the response speed to the client com- 
puters decreases. 

Concentration of access to a particular server computer 
can be avoided by predicting the frequency of file accesses 
and thereby scheduling storing of files across multiple server 
computers in such a manner as to distribute the file accesses, 
but the prior art has had the problem that it has not been 
possible to reduce the concentration of access to a particular 
server by dynamically distributing the accesses on the basis 
of changing access frequencies while the system is operat- 
ing. 

SUMMARY OF THE INVENTION 

In view of the above-outlined problems, it is an object of 
the present invention to provide a virtual file management 
system that reduces network workload and improves respon- 
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siveness to client computers, and that cap further improve 
t he workload distribution among the servers constructeda s 
" Tfjsystem, that is, the processing capabilities of the enUre 
system, as compared with the prior art system, 

A virtual file management system of the present 
invention, constructed with a plurality of servers and a 
plurality of terminals that share file services provided by 
said servers, is that 

a virtual file management apparatus operating in at least 
one of said plurality of servers is provided that com- 
prises: a management table which manages files stored 
on said plurality of servers by using virtual file 
identifiers, and in which a server name of a server 
where real data is stored and a real file identifier in said 
server are stored as a set for each of said virtual file 
identifiers; a receiving section which receives a file 
access request from each of said terminals; a request 
analyzing section which checks said management table 
by using the virtual file identifier contained in the file 
access request received by said receiving section, and 
thereby determines the server where the real data of the 
requested file is stored; a transmitting section which 
transmits data; and a request modification processing 
section which modifies said file access request so that 
a response to said file access request can be sent back 
to the terminal that issued said access request, directly 
from the server determined by said request analyzing 
section, and which instructs said transmitting section to 
transmit said modified file access request to said deter- 
mined server, and 
said plurality of servers each include a request processing 
section which receives the file access request transmit- 
ted from said transmitting section of said virtual file 
management apparatus, and processes said received file 
access request, and which transmits the processed 
result to said terminal at least when said file access 
request is a request to read file contents. 
Avirtual file management system of the present invention 
comprises a plurality of servers for storing files, a plurality 
of terminals for issuing requests for supply of designated 
files from among said files, and a network connecting said 
servers with said terminals, wherein 

at least one of said servers includes ; file m^nagem^"* 
means for managing corresponding relationships 
between the flies stored on said plurality of servers and 
- the servers where the files are stored; request frequency 
storage means for storing the frequencies of the 
requests made from said terminals within a prescribed 



checks said management table by using the virtual file 
identifier contained in said received file access request, 
and thereby determines the server where the real data of 
the requested file is stored; a function D that modifies 
5 said file access request so that a response to said file 
access request can be sent back to the terminal that 
issued said access request, directly from said deter- 
mined server, and that instructs a transmitting section to 
transmit said modified file access request to said deter- 
10 mined server; and a function E that receives the file 
access request transmitted from said transmitting sec- 
tion and processes said received file access request, and 
that transmits the processed result to said terminal at 
least when said file access request is a request to read 
15 file contents. 

A medium of the present invention is for use with a virtual 
file management system constructed with a plurality of 
servers and a plurality of terminals that share file services 
provided by said servers, 

said medium providing a program recorded thereon for 
implementing: a function A that manages files stored on 
said plurality of servers by using virtual file identifiers 
and that stores a server name of a server where real data 
is stored, a real file identifier in said server, and an 
access inhibit flag as a set in a management table for 
each of said virtual file identifiers; a function B that 
receives a file access request from each of said termi- 
nals; a function C that checks said management table 
by using the virtual file identifier contained in said 
received file access request, and thereby determines the 
server where the real data of the requested file is stored; 
a function D that modifies said file access request so 
that a response to said file access request can be sent 
back to the terminal that issued said access request, 
directly from said determined server, and that instructs 
a transmitting section to transmit said modified file 
access request to said determined server; a function E 
that checks said management table in connection with 
the file requested in said received file access request, 
40 and that, when said access inhibit flag is set, instructs 
said transmitting section to transmit data indicating an 
access inhibited condition to said terminal, but when 
said access inhibit flag is not set, passes said file access 
request to a request analyzing section that performs the 
45 function C; and a function F that receives the file access 
request transmitted from said transmitting section, pro- 
cesses said received file access request, and transmits 
the processed result to said terminal. 
A medium of the present invention is for use with a virtual 
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period of time for each managed file and/or for each 50 file management system constructed with a plurality of 



managed server; and file move control means for 
selecting a file satisfying a prescribed criterion from 
among said managed files by using said stored request 
frequencies, and for moving said selected file from the 
server where said file is stored to another server. 
A medium of the present invention is for use with a virtual 
file management system constructed with a plurality of 
servers and a plurality of terminals that share file services 
provided by said servers, 

said medium providing a program recorded thereon for 
implementing: a function A that manages files stored on 
said plurality of servers by using virtual file identifiers 
and that stores a server name of a server where real data 
is stored and a real file identifier in said server as a set 
in a management table for each of said virtual file 
identifiers; a function B that receives a file access 
request from each of said terminals; a function C that 
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servers and a plurality of terminals that share file services 
provided by said servers, 

said medium providing a program recorded thereon for 
implementing: a function A that manages files stored on 
said plurality of servers by using virtual file identifiers 
and that stores a server name of a server where real data 
is stored and a real file identifier in said server as a set 
in a management table for each of said virtual file 
identifiers; a function B that manages data indicating 
whether said server is operating or not, by using an 
operating condition management table; a function C 
that receives a file access request from each of said 
terminals; a function D that checks said management 
table by using the virtual file identifier contained in said 
received file access request, and thereby determines the 
server where the real data real data of the requested file 
is stored; a function E that checks said operating 
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condition management table to determine whether said 
determined server is operating or not, and that, when 
said server is not operating, instructs a transmitting 
section to transmit data indicating a non-operating 
condition to said terminal, but when said server is 
operating, modifies said file access request so that a 
response to said file access request can be sent back to 
the terminal that issued said access request, directly 
from said determined server, and instructs said trans- 
mitting section to transmit said modified file access 
request to said determined server; and a function F that 
receives the file access request transmitted from said 
transmitting section, processes said received file access 
request, and transmits the processed result to said 
terminal. 

A medium of the present invention is for use with a virtual 
file management system constructed with a plurality of 
servers and a plurality of terminals that share file services 
provided by said servers, and capable of supporting a 
configuration in which file access requests from said termi- 
nals are issued to a virtual server that is different from said 
plurality of servers and that does not exist physically, 
said medium providing a program recorded thereon for 
implementing, within each of said plurality of servers, 
a function A that manages file identifiers stored in each 
server by using a file identifier list; a function B that 
processes a file access request and that instructs a 
transmitting section to transmit the processed result to 
said terminals; and a function C that monitors a file 
access request being made from said terminals to said 
virtual server, and that passes said file access request to 
said function B only when the file identifier contained 
in said file access request is stored in said file identifier 
list. 

A medium of the present invention is providing a program 
recorded thereon for implementing, within at least one of a 
plurality of servers where files are stored, a function A that 
manages corresponding relationships between the files 
stored on said plurality of servers and the servers where the 
files are stored; a function B that stores the frequencies of 40 
requests made from terminals within a prescribed period of 
time for each managed file and/or for each managed server; 
and a function C that selects a file satisfying a prescribed 
criterion from among said managed files by using said stored 
request frequencies, and moves said selected file from the 45 
server where said file is stored to another server. 

A medium of the present invention is providing a program 
recorded thereon for implementing, within at least one of a 
plurality of servers where files are stored, a function A that 
manages corresponding relationships between the files 
stored on said plurality of servers and the servers where the 
files are stored; a function B that stores the frequencies of 
requests made from terminals within a prescribed period of 
time for each managed file and/or for each managed server; 
a function C that selects a file satisfying a prescribed 
criterion from among said managed files by using said stored 
request frequencies, and duplicates said selected file to a 
server different from the server where said file is stored; and 
a function D that, when said requests occur simultaneously 
for said duplicated file, processes said requests by also 
including said different server as a target. 

A medium of the present invention is for use with a virtual 
file management system constructed with a plurality of 
servers and a plurality of terminals that share file services 
provided by said servers, at least one of said plurality of 
servers including a virtual file management apparatus which 
centrally manages files stored on said plurality of servers by 
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using a virtual file management table in which a virtual file 
identifier, a server identifier of each of said servers, and a 
real file identifier of each of said files are stored as a set, 
said medium providing a program recorded thereon f or 
implementing, within said virtual file management 
apparatus, a function A that storey an access count for 
each of said virtual nle identifiers in a file access tables 
a junction B that, when said virtual file managemen t 
ap paratus has received a file access request for a virtual 
file identifier from any one of said terminals, updates 
the ^ access count corres p ondin g to said virtual fil e 
iden t ifier in said file access table ; and a function C that 
is activated by a tuner at predetermined intervals of 
time, and that checks the access counts in said file, 
access table, moves real data correspondi n g to one or 
more virtual file identifiers between sal J plurality of 
servers, upcTates said virt ual file management table, and 
resets said liic access table? ' 
A medium 01 trie present invention is for use with a virtual 
file management system constructed with a plurality of 
servers and a plurality of terminals that share file services 
provided by said servers, at least one of said plurality of 
servers including a virtual file management apparatus which 
centrally manages files stored on said plurality of servers by 
using a virtual file management table in which a virtual file 
identifier, a server identifier of each of said servers, and a 
real file identifier of each of said files are stored as a set, 
said medium providing a program recorded thereon for 
implementing, within said virtual file management 
apparatus, a function A that stores an access count for 
each of said server identifiers in a server access table; 
a function B that, when said virtual file management 
apparatus has received a file access request for a virtual 
file identifier from any one of said terminals, locates the 
server identifier corresponding to said virtual file iden- 
tifier in said virtual file management table, and updates 
the access count corresponding to said server identifier 
in said server access table; and a function C that is 
activated by a timer at predetermined intervals of time, 
and that checks the access counts in said server access 
table, moves real data corresponding to one or more 
virtual file identifiers between said plurality of servers, 
updates said virtual file management table, and resets 
said server access table. 
A medium of the present invention is for use with a virtual 
file management system constructed with a plurality of 
servers and a plurality of terminals that share file services 
provided by said servers, at least one of said plurality of 
servers including a virtual file management apparatus which 
centrally manages files stored on said plurality of servers by 
using a virtual file management table in which a virtual file 
identifier, a server identifier of each of said servers, and a 
real file identifier of each of said files arc stored as a set,, 
said medium providing a program recorded thereon for 
implementing, within said virtual file management 
apparatus, a function A that stores an access count for 
each of said virtual file identifiers in a file access table; 
a function B that stores an access count for each of said 
server identifiers in a server access table; a function C 
that, when said virtual file management apparatus has 
received a file access request for a virtual file identifier 
from any one of said terminals, locates the server 
identifier corresponding to said virtual file identifier in 
said virtual file management table, and updates the 
access count corresponding to said virtual file identifier 
in said file access table as well as the access count 
corresponding to said server identifier in said server 
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access table; and a function D that is activated by a 
timer at predetermined intervals of time, and that 
checks the access counts in said server access table as 
well as in said file access table, moves real data 
corresponding to one or more virtual file identifiers 
between said plurality of servers, updates said virtual 
file management table, and resets said file access table 
and said server access table. 
A medium of the present invention is for use with a virtual 
file management system constructed with a plurality of 
servers and a plurality of terminals that share file services 
provided by said servers, at least one of said plurality of 
servers including a virtual file management apparatus which 
centrally manages files stored on said plurality of servers by 
using a virtual file management table in which a plurality of 
identifier pairs, each consisting of a server identifier of each 
of said servers and a real file identifier of each of said files, 
are stored in corresponding relationship to each virtual file 
identifier, 

said medium providing a program recorded thereon for 
implementing, within said virtual file management 
apparatus, a function A that stores an access count for 
each of said virtual file identifiers in a file access table; 
a function B that, when said virtual file management 
apparatus has received a file access request for a virtual 
file identifier from any one of said terminals, updates 
the access count corresponding to said virtual file 
identifier in said file access table; and a function C that 
is activated by a timer at predetermined intervals of 
time, and that checks the access counts in said file 
access table, duplicates real data corresponding to a 
frequently accessed virtual file identifier to one or more 
servers selected from among said plurality of servers, 
adds the real file identifier and server identifier of the 
duplicated data to said virtual file management table, 
and resets said file access table. 
A medium of the present invention is for use with a virtual 
file management system constructed with a plurality of 
servers and a plurality of terminals that share file services 
provided by said servers, at least one of said plurality of 
servers including a virtual file management apparatus which 
centrally manages files stored on said plurality of servers by 
using a virtual file management table in which a plurality of 
identifier pairs, each consisting of a server identifier of each 
of said servers and a real file identifier of each of said files, 
are stored in corresponding relationship to each virtual file 
identifier, 

said medium providing a program recorded thereon for 
implementing, within said virtual file management 
apparatus, a function A that stores an access count for 
each of said virtual file identifiers in a file access table; 
a function B that, when said virtual file management 
apparatus has received a file access request for a virtual 
file identifier from any one of said terminals, updates 
the access count corresponding to said virtual file 
identifier in said file access table; and a function C that 
is activated by a timer at predetermined intervals of 
time, and that checks the access counts in said file 
access table, duplicates real data corresponding to a 
frequently accessed virtual file identifier to one or more 
servers selected from among said plurality of servers, 
deleting all but one or more server identifier/real file 
identifier pairs from said virtual file management table 
for an infrequently accessed virtual file identifier, 
updates said virtual file management table, and resets 
said file access table. 

A medium of the present invention is for use with a virtual 
file management system constructed with a plurality of 
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servers and a plurality of terminals that share file services 

provided by said servers, wherein 

a virtual file management apparatus operating in at least 
one of said plurality of servers manages files stored on 
said plurality of servers by using virtual file identifiers, 
stores a server name of a server where real data is 
stored and a real file identifier in said server as a set in 
a management table for each of said virtual file 
identifiers, receives a file access request from each of 
said terminals, checks said management table by using 
the virtual file identifier contained in said received file 
access request, thereby determines the server where the 
real data of the requested file is stored, modifies said 
file access request so that a response to said file access 
request can be sent back to the terminal that issued said 
access request, directly from said determined server, 
and instructs a transmitting section to transmit said 
modified file access request to said determined server, 
and 

said plurality of servers receive the file access request 
transmitted from said transmitting section of said vir- 
tual file management apparatus, process said received 
file access request, and transmit the processed result to 
said terminal at least when said file access request is a 
request to read file contents, 
whereby said medium provides a program recorded 
thereon for implementing: a function A that manages 
said files stored on said plurality of servers by using 
said virtual file identifiers and that stores the server 
name of the server where the real data is stored and the 
real file identifier in said server as a set in said man- 
agement table for each of said virtual file identifiers; a 
function B that receives a file access request from each 
of said terminals; a function C that checks said man- 
agement table by using the virtual file identifier con- 
tained in said received file access request, and thereby 
determines the server where the real data of the 
requested file is stored; a function D that modifies said 
file access request so that the response to said file 
access request can be sent back to the terminal that 
issued said access request, directly from said deter- 
mined server, and that instructs said transmitting sec- 
tion to transmit said modified file access request to said 
determined server. 
A medium of the present invention is for use with a virtual 
file management system constructed with a plurality of 
servers and a plurality of terminals that share file services 
provided by said servers, wherein 

a virtual file management apparatus operating in at least 
one of said plurality of servers manages files stored on 
said plurality of servers by using virtual file identifiers, 
stores a server name of a server where real data is 
stored, a real file identifier in said server, and an access 
inhibit flag as a set in a management table for each of 
said virtual file identifiers, receives a file access request 
from each of said terminals, checks said management 
table by using the virtual file identifier contained in said 
received file access request, thereby determines the 
server where the real data of the requested file is stored, 
modifies said file access request so that a response to 
said file access request can be sent back to the terminal 
that issued said access request, directly from said 
determined server, instructs a transmitting section to 
transmit said modified file access request to said deter- 
mined server, checks said management table in con- 
nection with the file requested in said received file 
access request, and when said access inhibit flag is set, 
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instructs said transmitting section to transmit data indi- 
cating an access inhibited condition to said terminal, 
but when said access inhibit flag is not set, passes said 
file access request to a request analyzing section of said 
virtual file management apparatus, and 
said plurality of servers receive the file access request 
transmitted from said transmitting section of said vir- 
tual file management apparatus, process said received 
file access request, and transmit the processed result to 
said terminal, 

whereby said medium provides a program recorded 
thereon for implementing: a function A that manages 
said files stored on said plurality of servers by using 
said virtual file identifiers and that stores the server 
name of the server where the real data is stored, the real 
file identifier in said server, and the access inhibit flag 
as a set in said management table for each of said 
virtual file identifiers; a function B that receives a file 
access request from each of said terminals; a function 
C that checks said management table by using the 
virtual file identifier contained in said received file 
access request, and thereby determines the server 
where the real data of the requested file is stored; a 
function D that modifies said file access request so that 
the response to said file access request can be sent back 
to the terminal that issued said access request, directly 
from said determined server, and that instructs said 
transmitting section to transmit said modified file 
access request to said determined server; and a function 
E that checks said management table in connection 
with the file requested in said received file access 
request, and that, when said access inhibit flag is set, 
instructs said transmitting section to transmit the data 
indicating an access inhibited condition to said 
terminal, but when said access inhibit flag is not set, 
passes said file access request to said request analyzing 
section. 

A medium of the present invention is for use with a virtual 
file management system constructed with a plurality of 
servers and a plurality of terminals that share file services 
provided by said servers, wherein 

a virtual file management apparatus operating in at least 
one of said plurality of servers manages files stored on 
said plurality of servers by using virtual file identifiers, 
stores a server name of a server where real data is 45 
stored and a real file identifier in said server as a set in 
a management table for each of said virtual file 
identifiers, manages data indicating whether said server 
is operating or not by using an operating condition 
management table, receives a file access request from 
each of said terminals, checks said management table 
by using the virtual file identifier contained in said 
received file access request, thereby determines the 
server where the real data of the requested file is stored, 
checks said operating condition management table to 
determine whether said determined server is operating 
or not, and when said server is not operating, instructs 
a transmitting section to transmit data indicating a 
non-operating condition to said terminal, but when said 
server is operating, modifies said file access request so 
that a response to said file access request can be sent 
back to the terminal that issued said access request, 
directly from said determined server, and instructs said 
transmitting section to transmit said modified file 
access request to said determined server, and 
said plurality of servers receive the file access request 
transmitted from said transmitting section of said vir- 
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tual file management apparatus, process said received 
file access request, and transmit the processed result to 
said terminal, 

whereby said medium provides a program recorded 
thereon for implementing: a function A that manages 
said files stored on said plurality of servers by using 
said virtual file identifiers and that stores the server 
name of the server where the real data is stored and the 
real file identifier in said server as a set in said man- 
agement table for each of said virtual file identifiers; a 
function B that manages data indicating whether said 
server is operating or not, by using said operating 
condition management table; a function C that receives 
a file access request from each of said terminals; a 
function D that checks said management table by using 
the virtual file identifier contained in said received file 
access request, and thereby determines the server 
where the real data of the requested file is stored; and 
a function E that checks said operating condition man- 
agement table to determine whether said determined 
server is operating or not, and that, when said server is 
not operating, instructs said transmitting section to 
transmit the data indicating a non-operating condition 
to said terminal, but when said server is operating, 
modifies said file access request so that the response to 
said file access request can be sent back to the terminal 
that issued said access request, directly from said 
determined server, and instructs said transmitting sec- 
tion to transmit said modified file access request to said 
determined server. 
A medium of the present invention is for use with a virtual 
file management system constructed with a plurality of 
servers and a plurality of terminals that share file services 
provided by said servers, and capable of supporting a 
configuration in which file access requests from said termi- 
nals are issued to a virtual server that is different from said 
plurality of servers and that does not exist physically, 
wherein 

each of said plurality of servers manages file identifiers 
stored in each server by using a file identifier list, 
processes a file access request, instructs a transmitting 
section to transmit the processed result to said 
terminals, monitors a file access request being made 
from said terminals to said virtual server, and passes 
said file access request to a function B hereinafter 
described only when the file identifier contained in said 
file access request is stored in said file identifier list, 
whereby said medium provides a program recorded 
thereon for implementing, within each of said plurality 
of servers, a function A that manages said file identifiers 
stored in each server by using said file identifier list; a 
function B that processes a file access request and that 
instructs said transmitting section to transmit the pro- 
cessed result: to said terminals; and a function C that 
monitors the file access request being made from said 
terminals to said virtual server, and that passes said file 
access request to said function B only when the file 
identifier contained in said file access request is stored 
in said file identifier list. 
A medium of the present invention is for use with a 
system wherein at least one of a plurality of servers where 
files are stored manages corresponding relationships 
between the files stored on said plurality of servers and the 
servers where the files are stored, stores the frequencies of 
requests made from terminals within a prescribed period of 
time for each managed file and/or for each managed server, 
selects a file satisfying a prescribed criterion from among 
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said managed files by using said stored request frequencies, 
and moves said selected file from the server where said file 
is stored to another server, 
whereby said medium provides a program recorded 
thereon for implementing: a function A that stores the 5 
frequencies of the requests made from said terminals 
within a prescribed period of time for each managed 
file and/or for each managed server; and a function B 
that selects a file satisfying the prescribed criterion 
from among said managed files by using said stored 10 
request frequencies, and moves said selected file from 
the server where said file is stored to another server, 
A medium of the present invention is for use with a 
system wherein at least one of a plurality of servers where 
files are stored manages corresponding relationships 15 
between the files stored on said plurality of servers and the 
servers where the files are stored, stores the frequencies of 
requests made from terminals within a prescribed period of 
time for each managed file and/or for each managed server, 
selects a file satisfying a prescribed criterion from among 20 
said managed files by using said stored request frequencies, 
duplicates said selected file to a server different from the 
server where said file is stored, and when said requests occur 
simultaneously for said duplicated file, processes said 
requests by also including said different server as a target, 25 
whereby said medium provides a program recorded 
thereon for implementing: a function A that storesjhe 
frequencies of the requests made from said terminals 
within a prescribed period of time for each managed 
file and/or for each managed server; a function B that 30 
selects a file sa tisfying the prescribed criterion from 
among said managed files by using said stored request 
frequencies, and duplicates said selected file to a server 
different from the server where said file is stored; and 

35 

a function C that , when said requests occur simulta- 
neously for said duplicated file, processes said requests 
by also including said different server as a target. 
A medium of the present invention is for providing a 
program recorded thereon for implementing the functions of 
all or part of the means of the virtual file management 40 
system as above-described present invention. 

In this way, the processing capabilities of the entire 
system can be further improved. 

BRIEF DESCRIPTION OF THE DRAWINGS 45 

FIG, 1 is a block diagram of a virtual file management 
system according to a first embodiment of the present 
invention; 

FIG. 2 is a flowchart illustrating a processing flow accord- 50 
ing to the first embodiment; 

FIG. 3 is a diagram showing the internal structure of a 
management table according to the first embodiment; 

FIG. 4 is a diagram showing the contents of a file access 
request according to the first embodiment; 55 

FIG. 5 is a diagram showing the contents of a modified file 
access request according to the first embodiment; 

FIG. 6 is a block diagram of a virtual file management 
system according to a second embodiment of the present fiQ 
invention; 

FIG. 7 is a flowchart illustrating a processing flow accord- 
ing to the second embodiment; 

FIG. 8 is a diagram showing the internal structure of a 
management table according to the second embodiment; 65 

FIG, 9 is a diagram showing the contents of a file access 
request according to the second embodiment; 
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FIG. 10 is a block diagram of a virtual file management 
system according to a third embodiment of the present 
invention; 

FIG. 11 is a diagram showing the internal structure of a 
management table according to the third embodiment; 

FIG. 12 is a block diagram of a virtual file management 
system according to a fourth embodiment of the present 
invention; 

FIG. 13 is a flowchart illustrating a processing flow in a 
file move processing section according to the fourth embodi- 
ment; 

FIG. 14 is a flowchart illustrating a processing flow when 
a file access is requested according to the fourth embodi- 
ment; 

FIG. 15 is a diagram showing the internal structure of a 
management table according to the fourth embodiment; 

FIG. 16 is a diagram showing the internal structure of the 
management table according to the fourth embodiment; 

FIG. 17 is a diagram showing the internal structure of the 
management table according to the fourth embodiment; 

FIG. 18 is a diagram showing the internal structure of the 
management table according to the fourth embodiment; 

FIG. 19 is a block diagram of a virtual file management 
system according to a fifth embodiment of the present 
invention; 

FIG. 20 is a diagram showing the internal structure of an 
operating condition management table according to the fifth 
embodiment; 

FIG. 21 is a block diagram of a virtual file management 
system according to a sixth embodiment of the present 
invention; 

FIG. 22 is a flowchart illustrating a processing flow 
according to the sixth embodiment; 

FIG. 23 is a diagram showing the internal structure of a 
file identifier list according to the sixth embodiment; 

FIG. 24 is a diagram showing the internal structure of the 
file identifier list according to the sixth embodiment; 

FIG. 25 is a diagram showing the contents of a file access 
request according to the sixth embodiment; 

FIG. 26 is a block diagram of a virtual file management 
system according to a seventh embodiment of the present 
invention; 

FIG. 27 is a diagram showing the internal structure of a 
master file identifier list according to the seventh embodi- 
ment; 

FIG. 28 is a diagram showing the internal structure of the 
master file identifier list according to the seventh embodi- 
ment; 

FIG. 29 is a diagram showing the internal structure of a 
file identifier list according to the seventh embodiment; 

FIG. 30 is a diagram showing the configuration of a 
virtual file management system according to the prior art; 

FIG. 31 is a flowchart illustrating the operation of the 
same prior art; 

FIG. 32 is a data structure diagram showing one example 
of a management table in the same prior art; 

FIG. 33 is a block diagram of a virtual file management 
system according to an eighth embodiment of the present 
invention; 

FIG. 34 is a block diagram of a virtual file management 
system according to a ninth embodiment of the present 
invention; 

FIG. 35 is a flowchart illustrating a processing flow in a 
file access count updating section according to the ninth 
embodiment; 
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FIG. 36 is a flowchart illustrating a processing flow in a 
file move management section according to the ninth 
embodiment; 

FIG, 37(a) is a diagram showing the internal structure of 
a virtual file management table before a file move, according 5 
to the ninth embodiment; 

FIG. 37(6) is a diagram showing the internal structure of 
the virtual file management table after a file move, according 
to the ninth embodiment; 

10 

FIG. 38(a) is a diagram showing the internal structure of 
a file access table before updating, according to the ninth 
embodiment; 

FIG. 38(6) is a diagram showing the internal structure of 
the file access table after updating, according to the ninth 15 
embodiment; 

FIG. 38(c) is a diagram showing the internal structure of 
the file access table after initialization, according to the ninth 
embodiment; 

FIG. 39 is a diagram showing the contents of a file access 20 
request according to the ninth embodiment; 

FIG. 40 is a block diagram of a virtual file management 
system according to a 10th embodiment of the present 
invention; 

25 

FIG. 41 is a flowchart illustrating a processing flow in a 
server access count updating section according to the 10th 
embodiment; 

FIG. 42 is a flowchart illustrating a processing flow in a 
server move management section according to the 10th 30 
embodiment; 

FIG. 43(a) is a diagram showing the internal structure of 
a server access table before updating, according to the 10th 
embodiment; 

FIG. 43(6) is a diagram showing the internal structure of 35 
the server access table after updating, according to the 10th 
embodiment; 

FIG. 43(c) is a diagram showing the internal structure of 
the server access table after initialization, according to the 
10th embodiment; 40 

FIG. 44 is a block diagram of a virtual file management 
system according to an 11th embodiment of the present 
invention; 

FIG. 45 is a flowchart illustrating a processing flow in a 
duplication management section according to the 11th 45 
embodiment; 

FIG. 46(a) is a diagram showing the internal structure of 
a virtual file management table before updating, according 
to the 11th embodiment; and 5Q 

FIG. 46(6) is a diagram showing the internal structure of 
the virtual file management table after updating, according 
to the 11th embodiment. 

PREFERRED EMBODIMENTS 

55 

The present invention will be described in detail below 
with reference to the accompanying drawings illustrating the 
preferred embodiments thereof. 

FIG. 1 is a block diagram of a virtual file management 
system according to a first embodiment of the present 60 
invention. This embodiment corresponds to the invention 
described in claim 1. In FIG. 1, reference numerals 101a and 
1016 are server computers; 102 is a virtual file management 
apparatus operating in the server computer 101a; 103 is a 
management table; 104a and 1046 are file systems which are 65 
managed within the server computers 101a and 1016, 
respectively; 105 is a request processing section; 106 is a 
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request analyzing section; 107 is a receiving section; 108 is 
a transmitting section; 109a, 1096, and 109c are client 
computers as terminals; 110 is a request modification pro- 
cessing section; and 111 is a network through which the 
client computers 109a, 1096, and 109c are connected to the 
server computers 101a and 1016. 

The operation of the thus constructed virtual file manage- 
ment system will be described with reference to relevant 
drawings. 

FIG. 2 is a diagram illustrating the processing flow in the 
server computer 101a in which the virtual file management 
apparatus 102 is operating. First, the receiving section 107 
receives a file access request from the client computer 109a 
(step S201). Next, the request analyzing section 106 checks 
the virtual file identifier contained in the received file access 
request, and determines the corresponding server computer 
name 101a or 1016 by referencing the management table 
103 (step S202). Next, using data in the management table 
103, the request modification processing section 110 first 
modifies the file access request into a file access request such 
that the server computer 101a or 1016 determined by the 
request analyzing section 106 can directly respond to the 
client computer 109a, and then instructs the transmitting 
section 108 to transmit the modified file access request to the 
server computer 101a or 1016 (step S203). The transmitting 
section 108 then transmits the file access request to the 
server computer 101a or 1016 (step S204). The request 
processing section 105 in the server computer 101a or 1016 
that received the modified file access request creates 
response data to the file access request by using the file 
system 104a or 1046, and transmits the response data to the 
client computer 109a. 

In this way, the file access request from the client com- 
puter is first modified by the virtual file management appa- 
ratus by using the management table, and then transferred to 
the destination. By so doing, the client computer can obtain 
response data directly from the server computer where the 
real data of the requested file is managed, without increasing 
the network workload. 

Next, a specific example of how this embodiment is used 
will be described. In FIG. 1, there are two files with virtual 
file identifiers V__001 and V__002 accessible from the client 
computers; the virtual file identifier V_001 corresponds to 
a real file identifier FILE_A existing in the file system 104a 
in the server computer 101a and the virtual file identifier 
V_002 corresponds to a real file identifier FILE_JB existing 
in the file system 1046 in the server computer 1016. In this 
case, the contents of the management table 103 managed by 
the virtual file management apparatus 102 in the server 
computer 101a are as shown in FIG. 3. Here, the virtual file 
identifiers V__001 and V__002 are managed as unique iden- 
tifiers without duplications in the management table. In this 
situation, the processing flow will be described with refer- 
ence to the flowchart of FIG. 2 when a file access request to 
read the contents of the file identifier V_002, such as shown 
in FIG. 4, is issued from the client computer 109a. 

First, in step S201, the receiving section 107 of the server 
computer 101a receives the file access request defined as 
shown in FIG. 4. Next, in step S202, the request analyzing 
section 106 searches the management table 103 by using the 
virtual file identifier contained in the file access request as a 
key, and determines that the virtual file identifier V__002 
corresponds to the real file identifier FILE_J5 in the server 
computer 1016. Then, in step S203, the request modification 
processing section 110 modifies the file access request 
shown in FIG. 4 into the file access request shown in FIG. 
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5 on the basis of the contents of the management table 103. 
More specifically, the destination is changed to 1016 and the 
file identifier to FILE_B. The request modification process- 
ing section 110 then instructs the transmitting section 108 to 
transmit the modified file access request shown in FIG. 5 to 5 
the server computer 1016. In step S204, the transmitting 
section 108 transmits the modified file access request shown 
in FIG. 5 to the server computer 1016. The request process- 
ing section 105 in the server computer 1016 that received the 
modified file access request (FIG. 5) reads the real data 10 
corresponding to the file identifier FILE_B from the file 
system 1046, creates response data to the file access request 
by using the thus read-out data, and transmits the response 
data to the client computer 109a. In this way, the client 
computer 109a can read out the contents of the virtual file is 
identifier V_002 (the real file identifier FILE_B). 

The above example of the embodiment has dealt with a 
case in which a file access request to read the contents of a 
file is issued from the client computer. The same process 
applies for the case where a file access request to write data 20 
to a file is issued; that is, the request modification processing 
section modifies the file access request containing write data 
on the basis of the contents of the management table, and 
transfers the request to the server computer where the real 
data of the file is stored, to accomplish data writing to the 25 
file. 

Furthermore, in the case of a file access request to refer to 
or update a file attribute (for example, date and time of 
access, file size, access right, etc.) also, the client's request 
can be processed in the same manner as described above, 30 
that is, by modifying the file access request so that the 
request is redirected to the server computer where the real 
data of the file is stored. 

Next, a virtual file management system according to a 
second embodiment of the present invention will be 
described with reference to relevant drawings. This embodi- 
ment corresponds to the invention described in claim 2. 

FIG. 6 is a block diagram showing the virtual file man- 
agement system according to the second embodiment of the 4Q 
present invention. In FIG. 6, reference numeral 601 is a 
management table processing section, and 602 is a control 
section; the other component elements are the same as those 
described in connection with FIG. 1 in the description of the 
first embodiment. 45 

File access requests from the client computers include not 
only requests for reading file contents but other types of file 
access requests such as a file deletion request and file 
attribute reference request. In the case of the latter types of 
requests, the server computer where the real data of the 50 
requested file is managed need not necessarily send a 
response to the requesting client computer; rather, by having 
the virtual file management apparatus managing the files 
respond to the client computer, the response time can be 
improved and the network workload can be reduced. 55 

First, the general operation of this embodiment will be 
described. 

FIG. 7 is a flowchart illustrating the processing flow in the 
server computer 101a in which the virtual file management 
apparatus 102 of the present embodiment is operating. First, 60 
the receiving section 107 receives a file access request from 
the client computer 109a (step S201). Next, the control 
section 602 identifies the type of the received file access 
request (step S701), and carries out step S702 if the request 
is for updating or referring to the management table 103, or 65 
step S202 if the request is not for updating or referring to the 
management table 103. In step S702, the management table 
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processing section 601 processes the request by using the 
management table 103, and instructs the transmitting section 
108 to transmit the processed result to the client computer 
109a. Subsequent to the step S702, the transmitting section 
108 transmits the processed result to the client computer 
109a (step S703). On the other hand, from step S202 
onward, the steps S202, S203, and S204 in FIG. 2 described 
in the first embodiment are performed in sequence. 

Next, a specific example of how this embodiment is used 
will be described. In FIG. 6, in the management table 103 
there are three files with virtual file identifiers V__001, 
V„002, and V_003 accessible from the client computers; 
the virtual file identifier V_001 corresponds to a real file 
identifier FILE_A existing in the file system 104a in the 
server computer 101a and the virtual file identifiers V_002 
and V__003 correspond to real file identifiers FILE_B and 
FILE__C, respectively, existing in the file system 1046 in the 
server computer 1016. In this case, the contents of the 
management table 103 managed by the virtual file manage- 
ment apparatus 102 in the server computer 101a are as 
shown in FIG. 8. 

When an access request to refer to the file size of the file 
V__003, such as shown in FIG. 9, is issued from the client 
computer 109a to the virtual file management apparatus 102 
in the server computer 101a, the receiving section 107 of the 
server computer 101a in step S201 receives the file access 
request defined as shown in FIG. 9. Next, in step S701, the 
control section 602 identifies the type of the file access 
request. Since the file access request of FIG. 9 contains a 
command inquiring the file size, this file access request is 
identified as a request to refer to the management table 103. 
Accordingly, step S702 is carried out next. In step S702, the 
management table processing section 601 checks the man- 
agement table 103 in accordance with the file access request, 
retrieves the file size corresponding to V_003, and instructs 
the transmitting section 108 to transmit the retrieved file size 
to the requesting client computer 109a. Finally, in step S703, 
the transmitting section 108 transmits the file size to the 
client computer 109a. 

In this way, the client computer 109a can refer to the file 
size of the virtual file identifier V_003. On the other hand, 
when the file access request of FIG. 4 is issued from the 
client computer, it is determined in step S701 that the type 
of the file access request is not one requesting reference to 
or updating of the management table 103, and therefore, 
steps S202, S203, and S204 are carried out in sequence as 
described in connection with the operation of the first 
embodiment. The above description has dealt with a file 
access request for referring to file size as an example, but 
when referring to other attributes (for example, file update 
time, owner, access right, etc.) or when updating the man- 
agement table such as file deletion or attribute change, for 
example, steps S702 and S703 are likewise carried out. 

Next, a virtual file management system according to a 
third embodiment of the present invention will be described 
with reference to relevant drawings. This embodiment cor- 
responds to the invention described in claim 3. 

FIG. 10 is a block diagram showing the virtual file 
management system according to the third embodiment of 
the present invention. In FIG. 10, reference numeral 1001 is 
an identifier creation section, 1002 is a server selection 
section, 1003 is a file creation section, and 1004 is a 
management table updating section; the other component 
elements are the same as those described in connection with 
FIG. 1 in the description of the first embodiment. 

When creating a new file that is to be managed by the 
virtual file management apparatus, a server computer where 
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the real data of the file should be stored must be selected. In In this embodiment, the selection of the server computer 

this embodiment, the virtual file management apparatus is has been made based on the available space in its file system, 

equipped with this function. but various other methods can be considered for server 

The general operation of this embodiment will be computer selection algorithms, such as methods based on 

described first. When a new file creation request is input to 5 the number of files stored in the file system, the processing 

the virtual file management apparatus 102, the identifier speed of the server computer, or the degree of workload 

creation section 1001 creates a new virtual file identifier, not concentration, or a combination thereof, 

yet existing in the management table 103, for the file Ne a virmal ^ m ment tem accordin , 0 a 

requested to be created. Next, the server selection section fourth embodimen , of the , inven , ion wil , be 

1002 selects one of the server computers connected to the 10 descrfljed ^ reference (o dtiwin ^ embodi . 

network 111 in accordance wath a predetermined method, ment ^ (o ^ described m 4 an(J 

and supphes the server computer name to the file creation g 
section 1003. The file creation section 1003 then sends a new 

file creation request to the server computer selected by the FIG - 12 is a block d,a S ram showln g the virtual file 
server selection section 1002. Using the file system function, „ management system according to the fourth embodiment of 
the selected server computer creates a new real file identifier me P resent invention. In FIG. 12, reference numerals 101a 
in response to the file creation request, and sends the and 101b are server computers; 102 is a virtual file man- 
response to the server computer 101a. The file creation «gement apparatus operating in the server computer 101a; 
section 1003 thus receives the new real file identifier from J^Dl is a management table including an access inhibit flag; 
the selected server computer, and passes the received real M 104fl «"> 104b •« flle "J?* are managed within 
file identifier to the management table updating section 1004 lhe *™ computers 101a and 1 101i>, respectively; 105 is a 
along with the name of the server computer selected by the rec l uest processing section; 106 is a request analyzing sec- 
server selection section 1002. Finally, the management table tion ; 107 * a receiving section; 108 is a transm tting section; 
updating section 1004 adds the virtual file identifier, the 1202 15 a P re P™' Kin S ^ ctl0 *H° 3 15 a „ filc move pr °- 
server computer name, and the real file identifier to the „ cessing secUon; 109a, 1096, and 109c are client computers; 
contents of the management table 103. 110 » a reQ . uest modification processing section; and 111 is 
In this way, the management table 103 managed by the a « et ^° rk th ™& w ^ h , th « chent computers 109a 109& 
virtual file management apparatus 102 can be automatically «jj 109c are connected to lhe ^ computers 101a and 
constructed, and each client computer can create a new file 

without having to be aware of the selection of the server 30 The operation of the thus constructed virtual file manage- 

computer where the real data of the file should be stored. ment system will be described below with reference to 

Using the thus constructed management table 103, the relevant drawings, dealing specifically with the operation of 

virtual file management system described in the first the file move processing section 1203 when moving real 

embodiment operates. data °f a ^ c between the server computers in the present 

Next, a specific example of how this embodiment is used 35 embodiment, and the operation of the virtual file manage- 

will be described. As in the first embodiment, in FIG. 10, mem apparatus 102 when a file access request is received 

there are two files with virtual file identifiers V_001 and from a cHenl computer. 

V_002 accessible from the client computers; the virtual file FIG. 13 is a flowchart illustrating the processing flow in 
identifier V_001 corresponds to a real file identifier the file move processing section 1203 when moving real 
FILE_JV existing in the file system 104a in the server 40 data of a file between the server computers. First, the file 
computer 101a and the virtual file identifier V_002 corre- move processing section 1203 sets the access inhibit flag in 
sponds to a real file identifier FILE_B existing in the file the management table 1201 for the virtual file identifier of 
system 1046 in the server computer 1016. In this case, the the file to be moved (step S1301). Next, the real data of the 
contents of the management table 103 managed by the file is copied from the source server computer to the desti- 
virtual file management apparatus 102 in the server com- 45 nation server computer (step S1302). Next, the server com- 
puter 101a are as shown in FIG. 3. puter name and real file identifier corresponding to the 
When a new file creation request is input from a client to original virtual file identifier in the management table 1201 
the file management apparatus 102, the identifier creation arc changed to the destination server computer name and the 
section 1001 creates a new virtual file identifier VJ)03 not real file identifier in the destination server computer (step 
yet existing in the management table 103. Next, the server 50 S1303). Finally, the access inhibit flag corresponding to the 
selection section 1002 queries the server computers 101a original virtual file identifier in the management table 1201 
and 1016 connected to the network 111 about the space is reset (step S1304). In this way, the real data of the file 
available in their file systems 104a and 1046, selects the corresponding to the virtual file identifier is moved between 
server computer 1016 having the larger available space, and lhe server computers. 

supplies the name of the selected server computer to the file 55 FIG. 14 is a flowchart illustrating the processing flow in 

creation section 1003. The file creation section 1003 then the virtual file management apparatus 102 when a file access 

sends a query to the file system 1046 in the server computer request is received from a client computer. First, the receiv- 

1016, obtains a real file identifier FILE„C to be used to ing section 107 receives the file access request from the 

create the real data of the file, and passes the server computer client computer 109a (step S201). Next, the preprocessing 

name 1016 and the real file identifier FILE_C to the 60 section 1202 checks the access inhibit flag, in the manage - 

management table updating section 1004. Finally, the man- ment table 1201, corresponding to the virtual file identifier 

age ment table updating section 1004 adds the virtual file contained in the received file access request (step S1401). If 

identifier V_003, the server computer name 1016, and the the access inhibit flag is set, the preprocessing section 1202 

real file identifier FILE_C to the contents of the manage- creates data indicating that the access is inhibited, and 

ment table 103. The result will be as shown in FIG. 11. In 65 instructs the transmitting section 108 to transmit the data to 

this way, the management table 103 is automatically con- the client computer. The transmitting section 108 thus 

structed. instructed transmits the data indicating that the access is 
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inhibited, to the client computer (step S1402). On the other the present invention. In FIG. 19, reference numerals 101a 

hand, if, in step S1401, the access inhibit flag is not set, the and 1016 are server computers; 102 is a virtual file man- 

process from step S202 onward in FIG. 2 is carried out as in agement apparatus operating in the server computer 101a; 

the first embodiment. is a management table; 104a and 1046 are file systems 
Next, a specific example of how this embodiment is used 5 which are managed within the server computers 101a and 

will be described. As in the first embodiment, in FIG. 12, 101fc ' res P ect ' v , el y; 105 f . a "flj** processing section; 106 

. ^ n . . , n . ' j is a request analyzing section; 107 is a receiving section; 108 

here are two files with virtual file identifiers V_001 and fa a ^ maM ^ s * ctioD . 1901 j, an 0 erat f wa(iitioa 

V_002 accessible from the cuent computers; the virtual file managemem J^. 109a , 1096, and 109c are client com- 

identifier V_001 corresponds to a real file identifier [ers . im ^ a , modification pr0C essing section 

— existuig in the file system 104a in the server 10 ^ ^ emen , , able 

computer 101a and the virtual We identmer V_U02 corre- 1901 and ^^1, determines whether to transfer a 

sponds to a real file identifier FILE B existing in the file { [Q me gerver u|Cf where feal ^ Qf a ^ [s 

system 1046 in the server computer 1016. slQred; flnd m fa a nQty/Q± thrQUgh which the ^ 

In this case, the contents of the management table 1201 computers 109a, 1096, and 109c are connected to the server 

managed by the virtual file management apparatus 102 in the computers 101a and 1016. 

server computer 101a, when file move operations are not ^ thus constructed virtua i fi le management system will 

being performed, are as shown in FIG. 15. At this time, if the be described below, dealing with the difference in operation 

real data of the virtual file identifier V_001 is to be moved from toe £ rs t embodiment 

from , the server computer 101a to the server computer 1016, ^ difference from the &si embodiment ue s in the 

first in step S1301 the file move processing section 1203 sets eration of the re t modification processing section 

the access inhibit flag in the management table 1201 as m2 whik> ^ ^ fi[s , embodiment> the , modifica . 

shown in FIG 16. Next, in step S1302 of ?» tion processing section 1902 is called in step S203 in FIG. 

file designated by tte virtual file identifier V_001 is copied 2> ^ ^ t 6mbodiment the re t modification pro . 

from FHJL_Ain the file system 104am the server computer C6Ssi m2 first checks tfae 0 atin mamoa 

101a to the file system 1046 in the server computer 1016. management ^ 1901 t0 de t er mine whether the server 

Next, in step S1303, the contents of the management table com ul6r 101a or mb identified by the request analyzing 

1201 are changed as shown in FIG. 17. That is, the server m ^ operating or not. If the identified server 

identifier is changed I to the destmauon server computer name CQ f h no , atin |he t modiflca , ion process . 

1016 and the real file identifier is changed to the new real j section m2 instrucls , he transmitting xction m t0 

file identifier FILE_A2 obtamed by querying the file system , ransmit daU indicatin ^ the ^ is not operating, to 

1046 in the destination server computer 1016 .about the real , he c , ien , compllter 109fl . on , he other hand) jf the server 

file ^identifier of the file copied in step S1302. Fmally in step ter is tin tbe re , modification processing 

S1304 the access inhibit flag for the virtual file identifier m2 modifies the fik access , int0 a fi]e 

V 001 is cleared The contents of the management table access , sucfa , hat ^ servef c0 caQ directl 

1201 are now as shown in FIG. 18. In this way, the real data d tQ ^ clien , m , 109fl> b ^ daU fa tfae 

of a file can be moved from one server computer to another management tab le 103, and instructs the transmitting section 

without changing its virtual file identifier that is to be used m , 0 transmit ^ modified me access f (Q , he ^ 

when issuing an access request from a client computer. comput er 101a or 1016, as in the first embodiment. In this 

On the other hand, when the access inhibit flag is set, if ^ way> wnel , the server computer holding the real data of the 
a file access request with the virtual file identifier V_001 is requested file is not operating, the non-operating condition 
issued from the client computer 1096, first the receiving js reported to the client computer. Without this function, 
section 107 receives the access request in step S201. Next, when there was no response to a file access request, the 
in step S1401, the preprocessing section 1202 refers to the cue nt computer could not judge whether the server computer 
management table 1201 to check the status of the access 45 wnere the virtual file management apparatus should be 
inhibit flag for the virtual file identifier V_001 contained in operating is not operating or the server computer holding the 
the access request. In this case, since the access inhibit flag rea i data of the file is not operating, 
is set, step S1402 is carried out. In step S1402, the prepro- Nextj a spec ific example of how this embodiment is used 
cessing section 1202 creates data indicating that the access ^ be described. As in the first embodiment, in FIG. 19, 
is inhibited, and instructs the transmitting section 108 to 5Q there are ^ mes with yirtml file identifiers V_001 and 
transmit the data to the client computer 1096. The transmit- y_002 accessible from the client computers; the virtual file 
ting section 108 thus instructed transmits the data indicating identifier V_001 corresponds to a real file identifier 
that the access is inhibited, to the client computer 1096. On F ILE_A existing in the file system 104a in the server 
the other hand, if the file move operation is completed and computer 101a and the virtual file identifier V_002 corre- 
the access inhibit flag is cleared, the process from step S202 55 sponds t0 a rea l file identifier FILE_B existing in the file 
onward is carried out as in the first embodiment, allowing system 104 ^ in the compu ter 1016. In this case, the 
the client computer 1096 to access the file by using the same contents of the management table 103 managed by the 
virtual file identifier as that used before the real data was virtual file man agement apparatus 102 in the server corn- 
moved between the server computers. That is, the client puter ma are as shown m F1G 3 the XTV et 
computer need not be aware of the movement of the real data 6Q computer 1016 is not operating, the contents of the operating 
between the server computers. condition management table 1901 are as shown in FIG. 20. 

Next, a virtual file management system according to a At this time, when a file access request with the virtual file 

fifth embodiment of the present invention will be described identifier V_002 is issued from the client computer 109a, 

with reference to relevant drawings. This embodiment cor- the processing in steps S201 and S202 described in the first 
responds to the invention described in claim 6. 65 embodiment is carried out. In step S203, the request modi- 

FIG. 19 is a block diagram showing the virtual file fication processing section 1902 checks the contents of the 

management system according to the fifth embodiment of operating condition management table 1901 shown in FIG. 
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20, as earlier described, and since the server computer 1016 
is not operating, instructs the transmitting section 108 to 
transmit the data indicating that the server 1016 is not 
operating. The transmitting section 108 thus transmits the 
data indicating that the server 1016 is not operating, to the 
client computer 109a. On the other hand, if a file access 
request with the virtual file identifier V__001 is issued, since 
the server computer 101a is operating, the same operation as 
described in the first embodiment is performed. 

Next, a virtual file management system according to a 
sixth embodiment of the present invention will be described 
with reference to relevant drawings. This embodiment cor- 
responds to the invention described in claim 7. 

FIG. 21 is a block diagram showing the virtual file 
management system according to the sixth embodiment of 
the present invention. In FIG. 21, reference numerals 2101a 
and 21016 are server computers; 2106a and 21066 are file 
systems which are managed within the server computers 
2101a and 21016, respectively; 2102a is a file identifier list 
for the files stored in the file system 2106a managed in the 
server computer 2101a; 21026 is a file identifier list for the 
files stored in the file system 21066 managed in the server 
computer 21016; 2103 is a request processing section; 2104 
is an access request monitoring section; 2105 is a transmit- 
ting section; 2107a and 21076 are client computers; and 111 
is a network through which the client computers, 2107a and 
21076, and the server computers, 2101a and 21016, are 
connected. 

The operation of the thus constructed virtual file manage- 
ment system will be described below with reference to 
relevant drawings. 

FIG. 22 is a flowchart illustrating the general flow in the 
virtual file management system when a client computer 
accesses a file stored on a server computer. First, the client 
computer 2107a or 21076 issues a file access request to a 
predetermined virtual server computer which is neither the 
server computer 2101a nor the server computer 21016 (step 
S2201). This file access request is received by the access 
request monitoring section 2104 in each of the server 
computers 2101a and 21016 (step S2202). The access 
request monitoring section 2104 then analyzes the received 
file access request, and checks whether or not the file 
identifier contained in the file access request is stored in the 
file identifier list 2102a or 21026 in its own server computer. 
The file access request is passed to the request processing 
section 2103 only when the file identifier is stored in the file 
identifier list. If the file identifier is not stored in the file 
identifier list 2102a or 21026, the process is terminated here 
(step S2203). If the file identifier is stored in the file 
identifier fist 2102a or 21026, the file access request is 
processed, and the transmitting section 2105 is instructed to 
transmit the processed result to the client computer 2107a or 
21076 (step S2204). The transmitting section 2105 thus 
transmits the processed result to the client computer 2107a 
or 21076 (step S2205). Finally, the client computer 2107a or 
21076 receives the response to the access request (step 
S2206). 

A specific example of how this embodiment is used will 
be described next. In FIG. 21, in the file system 2106a of the 
server computer 2101a there are three files with file identi- 
fiers FILE__A, FILE_B, and FILE_C which can be 
accessed from the client computers, while in the file system 
21066 of the server computer 21016 there are two files with 
file identifiers FILE_D and FILE_E which can be accessed 
from the client computers. The contents of the file identifier 
list 2102a in the server computer 2101a are as shown in FIG. 



3,085 

22 

23, and the contents of the file identifier List 21026 in the 
server computer 21016 are as shown in FIG. 24. In this 
situation, the processing flow will be described with refer- 
ence to the flowchart of FIG. 22 when a file access request 
5 for FILEJ) such as shown in FIG. 25, is issued from the 
client computer 21076 to the predetermined virtual server 
computer. 

First, in step S2201, the client computer 21076 issues an 
access request such as shown in FIG. 25 to the virtual server 

*° computer V_SERVER. In step S2202, the access request 
monitoring section 2104 in each of the server computers 
2101a and 21016 receives the file access request. Next, in 
step S2203, the access request monitoring section 2104 of 
the server computer 2101a checks whether FILE_D is 

15 carried in the file identifier fist 2102a shown in FIG. 23; 
since FILE_D is not there, the process is terminated. 
Likewise, in step S2203, the access request monitoring 
section 2104 of the server computer 21016 checks whether 
FILE_D is carried in the file identifier list 21026 shown in 

20 FIG. 24; since FILE_D is found there, the file access request 
of FIG. 25 is passed to the request processing section 2103. 
Next, in step S2204, the request processing section 2103 
processes the file access request, reads the real data of the 
file identifier FILE_D from the file system 21066, and 

25 instructs the transmitting section 2105 to transmit the data to 
the client computer 21076, Thus, in step S2205, the trans- 
mitting section 2105 of the server computer 21016 transmits 
the data to the client computer 21076. Finally, in step S2206, 
the client computer 21076 receives the response. In this way, 

30 the client computer can receive the response to the file 
access request issued to the virtual server computer. 

Next, a virtual file management system according to a 
seventh embodiment of the present invention will be 
described with reference to relevant drawings. This embodi- 

35 ment corresponds to the invention described in claim 8. 
FIG. 26 is a block diagram showing the virtual file 
management system according to the seventh embodiment 
of the present invention. In FIG. 26, reference numeral 2601 

40 is a master file identifier list, 2602 is an identifier creation 
section, 2603 is a server selection section, 2604 is a file 
creation section, 2605 is a master list updating section, and 
2606 is a list updating section which updates the file 
identifier list 2102a or 21026 in the server computer 2101a 

45 or 21016, respectively; the other component elements are 
the same as those described in connection with FIG. 21 in 
the description of the sixth embodiment. 

When creating a new file to be managed by the virtual 
server computer, a server computer where the real data of the 

50 file should be stored must be selected. To achieve this, in the 
present embodiment, one of the server computers acts as a 
master server computer to determine in which server com- 
puter the file should be created. 

The operation of the present embodiment, when creating 

55 a new file, will be described below. First, when a new file 
creation request is issued to the master server computer 
2101a, the identifier creation section 2602 creates a new file 
identifier not yet existing in the master file identifier list 
2601. Next, in accordance with a predetermined method the 

60 server selection section 2603 selects one server computer 
from among the server computers 2101a and 21016 con- 
nected to the network HI, and supplies the name of the 
selected server computer to the file creation section 2604. 
The file creation section 2604 instructs the server computer 

65 2101a or 21016, whichever is selected by the server selec- 
tion section 2603, to create the file with the file identifier 
created by the identifier creation section 2602. The master 
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list updating section 2605 newly adds the file identifier its file system, but various other methods can be considered 

created by the identifier creation section 2602 to the master for server computer selection algorithms, such as methods 

file identifier list 2601. On the other hand, the server based on the capacity of the file system, the processing speed 

computer 2101a or 21016, whichever is instructed to create 0 f the server computer, the degree of workload 

the file with the file identifier created by the identifier 5 concentration, etc. 

creation section 2602, creates the file in its file system 2106a |t win also ' be recognized that lhe means and in 

or 21066 following which the list updating section 2606 the m invention may be wholly or part , y implemented 

newly adds the file identifier created by the .identifier ere- fa ^ ugi a Qi fa hardwafe ugi dedicated 

ation section 2602 to the file identifier list 2102a or 21026. . , . *f 

In this way, a new file to be managed by the virtual server ^ n " , are circm • 

computer can be added. 10 In the of s°ftw™ implementation, all or part of the 

A specific example of how this embodiment is used will necessary programs for implementation can be provided on 

be described next. As in the foregoing sixth embodiment, in a flo PP v disk or a CD-ROM. 

FIG. 26, in the file system 2106a of the server computer Next, a virtual file management system according to a 

2101a there are three files with file identifiers FILE_A, ninth embodiment of the present invention will be described 

FILE„B, and FILE_C which can be accessed from the 15 with reference to relevant drawings. 

client computers, while in the file system 21066 of the server FIG. 34 is a block diagram showing the virtual file 

computer 21016 there are two files with file identifiers management system according to the ninth embodiment of 

FILE_D and FILE_E which can be accessed from the t he present invention. The configuration of this embodiment 

client computers. The contents of the file identifier list 2102a ^ described with reference to the same figure. 

in the server computer 2101a are as shown in FIG. 23, and 20 Iq piG reference numerals 3101 and 3102 are 

the content of the file identifier list 21026 in the server c m 3103 fc a virtual file managem ent apparatus 

computer 21016 are as shown in FIG. 24. Further, the ■ *u . 11A1 . .v* , 

. * ♦ *i a ♦ r ♦ i^i , a « o^,™ operating in the server computer 3101; 3104 is a virtual file 

contents of the master file identifier list 2601 are as shown r . . . , ^/v*. • . 

in FIG 27 management table; 3105 is an access request processing 

j V 4 . , . . . C1 section; 3106 is a file access table; 3107 is a file access count 

In this situation, when an instruction to create a new file 25 , ~ ino . unn ■ «i 

in the virtual server computer is given to the master server u P datin S sectlon '. 31( * l « 31 ?, * * 
computer 2101a, first the identifier creation section 2602 management section; 3110 and 3111 are file systems which 
creates a file identifier FILE_F not yet existing in the master are managed within the server computers 3101 and 3102, 
file identifier list 2601. Next, the server selection section respectively; 3112 is a client computer; and 3113 is a 
2603 queries the server computers 2101a and 21016 con- 30 network through which the client computer 3112 is con- 
nected to the network 111 about the number of files stored nected to the server computers 3101 and 3102. Request 
in their respective file systems 2106a and 21066, and selects frequency storage means of the present invention includes 
the server computer 21016 that stores the fewer files. The the file access table 3106 and the file access count updating 
result of the selection is given to the file creation section section 3107. File move control means of the present inven- 
2604. The file creation section 2604 instructs the server 35 tion corresponds to the file move management section 3109. 
computer 21016 to create the file with the file identifier The operation of the thus constructed virtual file manage- 
FILE_R The server computer 21016 creates the file in its ment system will be described below with reference to 
file system 21066, and the list updating section 2606 adds relevant drawings. 

FILE_F to the file identifier list 21026. Finally, the master First, the operation in the file access count updating 

list updating section 2605 adds FILE_F to the master file 40 section 3107 will be described, taking a case when a file 

identifier list 2601. The contents of the master file identifier access request from the client computer 3112 occurs in the 

list 2601 are now as shown in FIG. 28. The contents of the server computer 3101 where the virtual file management 

file identifier list 21026 in the server computer 21016 at this apparatus 3103 is operating. FIG. 35 is a flowchart illus- 

time are shown An FIG. 29. In this way, the master file trating the processing flow in the file access count updating 

identifier list is automatically constructed. The files whose 45 section 3107. 

identifiers are stored in the thus constructed master file When a file access request is issued from the client 
identifier list can be accessed from the client computers in computer 3112 to the server computer 3101, the file access 
the same manner as described in the sixth embodiment. count updating section 3107 and the access request process- 
Next, a virtual file management system according to an ing section 3105 receive the file access request (step S101). 
eighth embodiment of the present invention will be 50 The access count updating section 3107 determines which 
described with reference to relevant drawings. This embodi- virtual file identifier is access-requested from the received 
ment corresponds to the invention described in claim 9. file access request (step S102), and updates the access count 
FIG. 33 is a block diagram showing the virtual file value in the file access table 3106 for the thus determined 
management system according to the eighth embodiment of virtual file identifier (step S103). 

the present invention. The difference of this embodiment 55 On the other hand, the access request processing section 

from the virtual file management system of the first embodi- 3105 which received the same file access request checks the 

ment shown in FIG. 1 is that, while in FIG. 1 the virtual file virtual file management table 3104, modifies the file access 

management apparatus 102 is provided within the server request so as to respond to the client computer 3112, and 

computer 101a, in the present embodiment the virtual file transfers the modified file access request to the server 

management apparatus 102 is connected to the network 111, 60 computer where the real data of the virtual file identifier 

independently of the server computer. The configuration and requested in the file access request is stored, as described in 

operation of the virtual file management apparatus 102 are connection with the first embodiment. The server computer 

fundamentally the same as the one shown in FIG. 1; since that received the modified file access request transmits the 

the description is already given in connection with the first response data to the client computer 3112 which thus obtains 

embodiment, the description will not be repeated here. 65 the response to the file access request it issued. 

In the above embodiment, the selection of the server Next, the operation of the file move management section 

computer was made based on the number of files stored in 3109 activated by the timer 3108 will be described. FIG. 36 
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is a flowchart illustrating the processing flow in the file move 
management section 3109. 

When the file move management section 3109 is activated 
by the timer 3108 at a predetermined time interval, the file 
move management section 3109 checks the file access table 

3106 and determines a frequently accessed virtual file iden- 
tifier (step S301). Then, the real data corresponding to the 
thus determined virtual file identifier is moved from the 
server computer where it is stored to another server com- 
puter (step S302); then, the contents of the virtual file 
management table 3104 for that virtual file identifier are 
changed to indicate the real file identifier in the destination 
server computer and the destination server identifier (step 
S303), and finally, the file access table 3106 is initialized 
(step S304). 

In this way, when there occurs a file access request from 
the client computer 3112, the file access table 3106 is 
updated by the file access count updating section 3107, and 
the file move management section 3109 which is activated 
by the timer 3108 at predetermined intervals of time checks 
the contents of the file access table 3106 so that the real data 
corresponding to the frequently accessed virtual file identi- 
fier can be moved to another server computer. 

A specific example of how this embodiment is used will 
be described next. 

Suppose a case where a file access request (see FIG. 39) 
designating a virtual file identifier V_002 is issued from the 
client computer 3112 to the server computer 3101 when the 
contents of the virtual file management table 3104 in the 
server computer 3101 are as shown in FIG. 37(a) and the 
contents of the file access table 3106 are as shown in FIG. 
38(a). Trie operation of the file access count updating section 

3107 in this case will be described with reference to the 
flowchart of FIG. 35. 

First, in step S101, the file access request of FIG. 39 is 
received. Next, in step S102, it is determined from the file 
access request that the request is for the virtual file identifier 
V_002. Finally, in step S103, the number of accesses to the 
virtual file identifier V_002 in the file access table 3106 is 
increased by 1, thus updating the contents of the file access 
table 3106 from those shown in FIG. 38(a) to those shown 
in FIG. 38(6). 

Now, when the contents of the file access table 3106 are 
as shown in FIG. 38(6), the operation of the file move 
management section 3109 activated by the timer 3108 will 
be described with reference to the flowchart of FIG. 36. 

First, in step S301, the most frequently accessed virtual 
file identifier V_001 is determined from the file access table 
3106. Next, in step S302, the real data corresponding to the 
virtual file identifier V__001, whose real file identifier 
FILE_101Ais stored in the server computer 3101, is moved 
to the other server computer 3102. When the real identifier 
of the real data moved to the server computer 3102 becomes 
FILE_102C as a result of the move, then in step S303 the 
contents of the virtual file management table 3104 are 
updated from those shown in FIG. 37(a) to those shown in 
FIG. 37(b). Finally, in step S304, the file access table 3106 
is initialized as shown in FIG. 38(c). 

In this way, a file with a high frequency of access can be 
identified and moved effectively to distribute the workload. 
This means that, as described in the specific example of this 
embodiment, when access requests are made for the same 
file within a predetermined period of time after the file is 
moved, the file access requests concentrated on the server 
computer 3101 are distributed between the server computers 
3101 and 3102. 
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The present embodiment has dealt with a system having 
two server computers, but the number is not limited to two. 
For example, when there are three or more server computers, 
the same effect as described above can be obtained. In that 

5 case, however, it becomes necessary to determine to which 
server computer the file should be moved. The server 
selection can be accomplished in various ways, for example, 
by selecting a server computer having the largest space 
available in the file system or by selecting a server computer 

10 where the number of files stored in the file system is the 
smallest. 

In step S301, the file move management section 3109 may 
determine two or more virtual file identifiers to select two or 
more files to be moved. There is also a possibility that no 

15 files are selected and no file move operations are performed. 
Further, in step S304 illustrating the operation of the file 
move management section 3109, the contents of the file 
access table 3106 were all initialized to 0 in the above 
example, but to prevent successive moves, the initialization 

20 may be performed by appropriately weighting the access 
count of the virtual file identifier whose real data was 
moved. 

In the above description, the file access count updating 
25 section 3105 updates the file access table 3106 when an 
access request for file read occurs. Alternatively, the file 
access table 3106 may be updated regardless of the type of 
file access request or by selecting a particular type of file 
access request. 

30 Next, a virtual file management system according to a 
10th embodiment of the present invention will be described 
with reference to relevant drawings. 

FIG. 40 is a block diagram showing the virtual file 
management system according to the 10th embodiment of 

35 the present invention. In FIG. 40, reference numeral 3701 is 
a server access table, 3702 is a server access count updating 
section, and 3703 is a server move management section; the 
other component elements are the same as those described in 
connection with FIG. 34 in the description of the ninth 

40 embodiment. 

The operation of the thus constructed virtual file manage- 
ment system will be described below with reference to 
relevant drawings. 

First, the operation in the server access count updating 

45 section 3702 will be described, taking a case when a file 
access request from the client computer 3112 occurs in the 
server computer 3101 where the virtual file management 
apparatus 3103 is operating. FIG. 41 is a flowchart illus- 
trating the processing flow in the server access count updat- 

50 ing section 3702. 

When a file access request is issued from the client 
computer 3112 to the server computer 3101, the server 
access count updating section 3702 receives the file access 

55 request, similarly to the ninth embodiment (step S801). 
Next, the server access count updating section 3702 
determines which virtual file identifier is access-requested 
from the received file access request (step S802), and checks 
the virtual file management table 3104 to determine the 

60 server where the real data designated by the above- 
determined virtual file identifier is stored (step S803). Then, 
the access count value in the server access table 3701 for the 
thus determined server identifier is updated (step S804). 
The operation of the server move management section 

65 3703 activated by the timer 3108 will be described next. 
FIG. 42 is a flowchart illustrating the processing flow in the 
server move management section 3703. 
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When the server move management section 3703 is In this way, a server computer with a high frequency of 

activated by the timer 3108 at a predetermined time interval, access can be identified, and files can be moved effectively 

the server move management section 3703 checks the server to distribute the workload. 

access table 3701 and determines the server identifier of a In steps S901 and S902, the server move management 

frequently accessed server (step S901). Then, the virtual file 5 section 3703 may select a plurality of virtual file identifiers 

management table 3104 is checked, and the real data cor- to move the corresponding real data from a plurality of 

responding to the virtual file identifier and managed in the server computers. Or, there may be cases where no move 

server computer identified with the determined server iden- operations are performed. 

tifier is moved from the server computer where the data is i n me above description, the server access count updating 

stored, to another server computer (step S902); then, the 10 section 3702 updates the server access table 3701 when an 

contents of the virtual file management table 3104 for the access request for file read occurs. Alternatively, the server 

thus moved virtual file identifier are changed to indicate the access table 3701 may be updated regardless of the type of 

real file identifier in the destination server computer and the fii e access request or by selecting a particular type of file 

destination server identifier (step S903), and finally, the access request. 

server access table 3701 is initialized (step S904). is It is ^ possible t0 construct a virtual file management 

In this way, when there occurs a file access request from system by combining the configurations of the ninth and 

the client computer 3112, the server access table 3701 is 10th embodiments. The system in this case includes both the 

updated by the server access count updating section 3702, file access table 3106 of FIG. 34 and the server access table 

and the server move management section 3703 which is 3701 of FIG. 40, and when a file access request occurs from 

activated by the timer 3108 at predetermined intervals of 20 tne c ii e nt computer 3112, the respective tables are updated 

time checks the contents of the server access table 3701 so by the file access count updating section 3107 of FIG. 34 and 

that the real data corresponding to the virtual file identifier the server access count updating section 3702 of FIG. 40. In 

and managed in the server computer identified with the this configuration, since both tables are checked by the move 

frequently accessed server identifier can be moved to management section when activated by the timer 3108, file 

another server computer. 25 move operations can be performed to achieve more effective 

A specific example of how this embodiment is used will distribution of server workload. * 

be described next. Next, a virtual file management system according to an 

Here, similarly to the description of the ninth 11th embodiment of the present invention will be described 

embodiment, suppose a case where a file access request (see 3Q with reference to relevant drawings. 

FIG. 39) designating a virtual file identifier V__002 is issued FIG. 44 is a block diagram showing the virtual file 

from the client computer 3112 to the server computer 3101 management system according to the 11th embodiment of 

when the contents of the virtual file management table 3104 the present invention. In FIG. 44, reference numeral 1101 is 

in the server computer 3101 are as shown in FIG. 37(a) and a virtual file management table capable of managing a 

the contents of the server access table 3701 are as shown in 35 plurality of server identifier/real file identifier pairs for each 

FIG. 43(a). The operation of the server access count updat- virtual file identifier, and 1102 is a duplication management 

ing section 3702 in this case will be described with reference section; the other component elements are the same as those 

to FIG. 41. described in connection with FIG. 34 in the description of 

First, in step S801, the file access request of FIG. 39 is the ninth embodiment. File duplication control means of the 

received. Next, in step S802, it is determined from the file 40 present invention corresponds to the duplication manage- 

access request that the request is for the virtual file identifier me nt section 1102, and request processing means of the 

V_002. In step S803, the virtual file management table 3104 present invention corresponds to the access request process- 

of FIG. 37(a) is checked, to determine that the real data ing section 105. 

designated by the above -determined virtual file identifier The operation of the thus constructed virtual file manage- 

V__002 is stored in the server computer identified with the 45 raent system will be described below with reference to 

server identifier 101. Finally, in step S804, the number of relevant drawings. 

accesses to the server identifier 101 in the server access table The operation of the file access count updating section 

3701 is increased by 1, thus updating the contents of the 3107 is the same as that described in connection with FIG. 

server access table 3701 from those shown in FIG. 43(a) to 35 in the description of the ninth embodiment, 

those shown in FIG. 43(6). 50 The operation of the duplication management section 

Now, when the contents of the server access table 3701 1102 activated by the timer 3108 will be described below, 

are as shown in FIG. 43(b), the operation of the server move FIG. 45 is a flowchart illustrating the processing flow in the 

management section 3703 activated by the timer 3108 will duplication management section 1102. 

be described with reference to the flowchart of FIG. 42. When the duplication management section 1102 is acti- 

First, in step S901, the most frequently accessed server 55 vated by the timer 3108 at a predetermined time interval, the 

identifier 101 is determined from the server access table duplication management section 1102 checks the file access 

3701. Next, in step S902, the virtual file identifier V_001 table 3106 and determines a frequently accessed virtual file 

managed in the server computer 3101 is selected, and the identifier (step S1201). Then, the real data corresponding to 

real data of the real file identifier FILE_101 A corresponding the thus determined virtual file identifier is duplicated to a 

to that virtual identifier is moved to the other server com- 60 server computer different from the server computer where 

puter 3102. When the real file identifier of the real data the real data is stored (step S1202), and a new real file 

moved to the server computer 3102 becomes FILE__102C as identifier/server identifier pair corresponding to that virtual 

a result of the move, then in step S903 the contents of the identifier is added to the virtual file management table 1101 

virtual file management table 3104 are updated from those (step S1203). Finally, the file access table 3106 is initialized 

shown in FIG. 37(a) to those shown in FIG. 31(b). Finally, 65 (step S1204). 

in step S904, the server access table 3701 is initialized as In this way, when there occurs a file access request from 

shown in FIG. 43(c). the client computer 3112, the file access table 3106 is 
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file identifier is infrequently accessed. In this way, while 
managing multiple copies of real data for a frequently 
accessed virtual file identifier, if the number of accesses to 
that file has decreased, the copies can be deleted, thus 
> achieving effective utilization of storage space. 

As described, according to the ninth embodiment of the 



updated by the file access count updating section 3107, and 
the duplication management section 1102 which is activated 
by the timer 3108 at predetermined intervals of time checks 
the contents of the file access table 3106 so that the real data 
corresponding to the frequently accessed virtual file identi- 
fier can be duplicated to another server computer. 



A specific example of how this embodiment is used will invention, file access frequency is managed by using the file 

be described next. access table and the file access count updating section, and 

The operation of the file access updating section 3107 is the file access table » checked at predetermined intervals of 

the same as that described in the ninth embodiment. The 10 time b y usia g lhc timer and the file move management 

following describes the operation of the duplication man- section, so that a file with a high frequency of access can be 

agement section 1102 with reference to the flowchart of FIG. moved from one server t0 another - B y dynamically moving 

45, taking a case when the contents of the virtual file files with frequencies of access in this way, system 

management table 1101 in the server computer 3101 are as workload can be distributed, 

shown in FIG. 46(a) and the contents of the file access table 15 Further, according to the 10th embodiment of the by using 

3106 are as shown in FIG. 38(6). the server access table and the server access count updating 

First, in step S1201, the most frequently accessed virtual and the s*™* access table is checked at P'edeter- 

file identifier V_001 is determined from the file access table mined Nervals of time by using the timer and the server 

3106. Next, in step S1202, since the real data FILE_101A „ move management section, to find a server where accesses 

corresponding to the virtual file identifier V_001 is stored in 20 are concentrated. In this way, the workload of the server 

the server computer 3101, the real data corresponding to the computer where accesses are concentrated can be distributed 

virtual file identifier V_001 is duplicated to the server effectively. 

computer 3102. When the real file identifier of the dupli- Furthermore, by combining the configurations of the ninth 

cated real data to the server computer 3102 becomes FILE_ a nd 10th embodiments, the effects of the invention as offered 

102C, then in step S1203 the contents of the virtual file m the ninth and 10th embodiments can be achieved simul- 

management table 1101 are updated from those shown in taneously. 

FIG. 46(a) to those shown in FIG. 46(b). Finally, in step According to the 11th embodiment of the invention, file 

S1204, the file access table 3106 is initialized as shown in access frequency is managed by using the file access table 

FIG. 38(c). and the file access count updating section, the file access 

In this way, a file with a high frequency of access is 3 ° table is checked at predetermined intervals of time by using 

managed with multiple copies automatically created in the the tuner aad tae duplication management section, and 

system copies of files with high frequencies of access are stored on 

— ' , * i j i* jm l i multiple server computers. This achieves a system that can 

Further, when requests for the duplicated file happen to be r «, r . * v . -ui 

, f i.- 7 i- . K u i ,l process as many file access requests from clients as possible 

made from multiple client computers simultaneously, the 35 ^ a ^ ^ accesses ar ;^ ncentrated 

access request processing section 3105 processes such ^ , 

requests not only as requests to the server where the original . ^rmore, t accordln g to configuration . where the 

file is stored bit also as requests to other servers where Ration/deletion management section as provided instead 

co ies are stored duplication management section of the 11th 

L, . ,. , , , , . .„ embodiment, it is made possible to delete copies of a file that 

Thus, by managing multiple copies of the same real data « was previous i y frequent iy accessed bul j, currently infre- 

for one virtual file identifier, when file access requests are fl accessed. This, in addition to the effect achieved in 

made from a chent computer for the file where accesses are me Uth embodiment of the mven Uon ( provides the effect of 

concentrated, the processing of the file access requests can reducing wastage of borage space, 

be distributed among multiple server computers so that the Each ^ Qs ^ 

system can serv.ce as many client computers as possible. 45 ^ ^ fa ^ £ ^ ^ equivalent 

In step S1201, the duplication management section 1102 functions in software, 

may determine two or more virtual file identifiers for ere- Further> when ^p^^g each in software, 

ation or copies. programs implementing all or part of the software may be 

Further, the number of server computers to duplicate data 5Q provided on a recording medium such as a floppy disk or a 

to is not limited to one. CD-ROM. 

Further, in step S1204 illustrating the operation of the As is apparent from the above description, according to 

duplication management section 1102, the contents of the the invention, with the provision of the virtual file manage - 

file access table 3106 were all initialized to 0 in the above ment apparatus operating in at least one server and com- 

example; alternatively, the initialization may be performed 55 prising the management table, the request analyzing section, 

by appropriately weighting the access count of the virtual and the request modification processing section, a file access 
file identifier with which copies were created. — >^ request from a terminal can be transferred to a server where 

* If the duplication management section 1102 of the 11th I the real data of the requested file is stored, and thus, any of 



embodiment is replaced by a duplication/deletion manage- 
ment section, the result is the embodiment of the invention 
described in claim 19. In that configuration, the duplication/ 
deletion management section incorporates not only the func- 
tion of the duplication management section 1102 of the 11th 
embodiment, that is, the function of creating copies of real 
data for a frequently accessed virtual file identifier, but also 
the function of deleting copies of real data if multiple copies 
of the real data are managed in the system though its virtual 



the files stored on multiple servers can be accessed by just 
issuing an access request to one designated server from the 
terminal, with little increase in response time and network 
workload. 

In the configuration of the invention in which the identi- 
fier creation section, management table processing section 
and control section are added to the configuration of the 
invention of claim 1, an access request that need not be 
transferred as a file access request to a server is processed by 
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the management table processing section. This 
configuration, in addition to the effect achieved by the 
invention of claim 1, provides the effect of further reducing 
the network workload as well as the response time to the 
access request. 

In the configuration of the invention in which the server 
selection section, file creation section, and management 
table updating section are added to the configuration of the 
invention of claim 1, a server is automatically selected when 
creating a new file. This configuration not only provides the 
same effect as achieved by the invention of claim 1 but 
makes it possible to create a new file to be managed by the 
virtual file management apparatus without having to be 
aware of the selection of the server where the real data of the 
file should be stored. 

Furthermore, according to the invention, when the virtual 
file management apparatus operating in at least one server is 
constructed with the management table having an access 
inhibit flag, the request analyzing section, the request modi- 
fication processing section, the preprocessing section, and 
the move processing section, a file access request from a 
terminal can be transferred to a server where the real data of 
the requested file is stored, and thus any of the files stored 
on multiple servers can be accessed by just issuing an access 
request to one designated server from the terminal, with little 
increase in response time and network workload. In 
addition, in this virtual file management system, even when 
the real data of a file is moved from one server to another, 
the terminal can access the file without having to be aware 
of where the file is moved. 

Also, according to the invention, when the virtual file 
management apparatus operating in at least one server is 
constructed with the management table, the request analyz- 
ing section, the request modification processing section, and 
the operating condition management table, a file access 
request from a terminal can be transferred to a server where 
the real data of the requested file is stored, and thus any of 
the files stored on multiple servers can be accessed by just 
issuing an access request to one designated server from the 
terminal, with little increase in response time and network 
workload. In addition to that, when the server where the real 
data of the file is stored is not operating, the non-operating 
condition can be reported to the terminal. 

In the configuration of the invention in which the file 
identifier list, access request monitoring section, transmit- 
ting section, and request processing section are provided in 
each of multiple servers, when a file access request is made 
to a virtual server from a terminal, the real server where the 
requested file is managed can by itself respond to the 
requesting terminal, and thus any of the files stored on the 
multiple servers can be accessed by just issuing an access 
request to one virtual server from the terminal, without 
causing workload concentration on a particular server and 
without increasing network workload. 

Further, in the configuration of the invention in which the 
master file identifier list, identifier creation section, server 
selection section, file creation section, master list updating 
section, and list updating section are added to the configu- 
ration of the invention of claim 7, a server is automatically 
selected when creating a new file. This configuration not 
only provides the same effect as achieved by the invention 
of claim 7 but makes it possible to create a new file without 
having to be aware of the selection of the server where the 
real data of the file should be stored. 

As described above, the present invention has the advan- 
tage of improving responsiveness to the terminal and reduc- 
ing the workload of the network. 
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Furthermore, by including the request frequency storage 
means for storing the frequencies of the requests made from 
terminals within a prescribed period of time for each man- 
aged file and/or for each managed server, and the file move 
5 control means for selecting a file satisfying a prescribed 
criterion by using the stored request frequencies and for 
moving the selected file from the server where it is stored to 
another server, the invention provides the advantage of 
further improving the processing capabilities to process file 
1Q requests from the terminals, as compared with the prior art 
configuration. 

What is claimed is: 

1. A virtual file management system constructed with a 
plurality of servers and a plurality of terminals that share file 
services provided by said servers, wherein 

15 a virtual file management apparatus operating in at least 
one of said plurality of servers is provided that com- 
prises: a management table which manages files stored 
jon saidJpluralitv of servers by using Wrtuaf' fil e 
i dentifiers^ and in which a serve t^ame^ 'ok a~seTver 

20 where real data js^ojgiand a real file identifier in said 
server are stored as a set for each of said virtual file 
identifiers; a receiving section which receives a file 
access request from each of said terminals; a request 
analyzing section which checks said management table 

25 by using the virtual file identifier contained in the file 
access request received by said receiving section, and 
thereby determines the server where the real data of the 
requested file is stored; a transmitting section which 
transmits data; and a request modification processing 

30 section which modifies said file access request so that 
a response to said file access request can be sent back 
to the terminal that issued said access request, directly 
from the server determined by said request analyzing 
section, and which instructs said transmitting section to 

35 transmit said modified file access request to said deter- 
mined server, and 
said plurality of servers each include a request processing 
section which receives the file access request transmit- 
ted from said transmitting section of said virtual file 

40 management apparatus, and processes said received file 
access request, and which transmits the processed 
result to said terminal at least when said file access 
request is a request to read file contents. 

2. A virtual file management system according to claim 1, 
45 wherein 

said management table further stores an attribute of said 
jlesj , and 

said virtual file management apparatus further comprises: 
a management table processing section which pro- 

50 cesses a file access request made from each of said 
terminals to update or reference said management 
table, creates response data from a processed result, and 
instructs said transmitting section to transmit said cre- 
ated response data to said terminal; and a control 

55 section which identifies the type of the file access 
request received by said receiving section, and which 
passes said file access request in a selective manner to 
said management table processing section when said 
file access request is identified as a request to update or 

60 reference said management table, and to said request 
analyzing section when said file access request is 
identified as a request other than the request to update 
or reference said management table. 

3. A virtual file management system according to claim 1, 
65 wherein 

said virtual file management apparatus further comprises: 
an identifier creation section which, when creating a 
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new file in any one of said plurality of servers, creates 
for said file a new virtual file identifier not yet existing 
in said management table; a server selection section 
which selects a server where real data of said file is to 
be stored; a file creation section which acquires a real 
file identifier corresponding to said new virtual file 
identifier from the server selected by said server selec- 
tion section; and a management table updating section 
which updates said management table by storing said 
new virtual file identifier, the server name of said server 
selected by said server selection section, and said real 
file identifier as a set in said management table. 

4. A virtual file management system constructed with a 
plurality of servers and a plurality of terminals that share file 
services provided by said servers, wherein 

a virtual file management apparatus operating in at least 
one of said plurality of servers is provided that com- 
prises: a management table which manages files stored 
on said plurality of servers by using virtual file 
identifiers, and in which a server name of a server 
where real data is stored, a real file identifier in said 
server, and an access inhibit flag are stored as a set for 
each of said virtual file identifiers; a receiving section 
which receives a file access request from each of said 
terminals; a request analyzing section which checks 
said management table by using the virtual file identi- 
fier contained in the file access request, and thereby 
determines the server where the real data of the 
requested file is stored; a transmitting section which 
transmits data; a request modification processing sec- 
tion which modifies said file access request so that a 
response to said file access request can be sent back to 
the terminal that issued said access request, directly 
from the server determined by said request analyzing 
section, and which instructs said transmitting section to 
transmit said modified file access request to said deter- 
mined server; and a preprocessing section which 
checks said management table in connection with the 
file requested in the file access request received by said 
receiving section, and which, when said access inhibit 
flag is set, instructs said transmitting section to transmit 
data indicating an access inhibited condition to said 
terminal, but when said access inhibit flag is not set, 
passes said file access request to said request analyzing 
section, and 

said plurality of servers each include a request processing 
section which receives the file access request transmit- 
ted from said transmitting section of said virtual file 
management apparatus, processes said received file 
access request, and transmits the processed result to 
said terminal. 

5. A virtual file management system according to claim 4, 
wherein said virtual file management apparatus further com- 
prises a file move processing section which, when moving 
real data of a particular file from one server to another server, 
sets said access inhibit flag in said management table and 
duplicates the real data of said particular file from the source 
server to the destination server, and which clears said access 
inhibit flag after updating said management table by chang- 
ing said server name of the server where the real data of said 
particular file is stored and said real file identifier in said 
server to the server name of the destination server and the 
real file identifier in said destination server. 

6. A virtual file management system constructed with a 
plurality of servers and a plurality of terminals that share file 
services provided by said servers, wherein 

a virtual file management apparatus operating in at least 
one of said plurality of servers is provided that com- 
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prises: a management table which manages files stored 
on said plurality of servers by using virtual file 
identifiers, and in which a server name of a server 
where real data is stored and a real file identifier in said 
server are stored as a set for each of said virtual file 
identifiers; an operating condition management table 
which manages data indicating whether said server is 
operating or not; a receiving section which receives a 
file access request from each of said terminals; a 
request analyzing section which checks said manage- 
ment table by using the virtual file identifier contained 
in the file access request received by said receiving 
section, and thereby determines the server where the 
real data of the requested file is stored; a transmitting 
section which transmits data; and a request modifica- 
tion processing section which checks said operating 
condition management table to determine whether said 
server determined by said request analyzing section is 
operating or not, and which, when said server is not 
operating, instructs said transmitting section to transmit 
data indicating a non-operating condition to said 
terminal, but when said server is operating, modifies 
said file access request so that a response to said file 
access request can be sent back to the terminal that 
issued said access request, directly from the server 
determined by said request analyzing section, and 
instructs said transmitting section to transmit said 
modified file access request to said determined server, 
and 

said plurality of servers each include a request processing 
section which receives the file access request transmit- 
ted from said transmitting section of said virtual file 
management apparatus, processes said received file 
access request, and transmits a processed result to said 
terminal. 

7. A virtual file management system constructed with a 
plurality of servers and a plurality of terminals that share file 
services provided by said servers, and capable of supporting 
a configuration in which file access requests from said 
terminals are issued to a virtual server that is different from 
said plurality of servers and that does not exist physically, 
wherein 

said plurality of servers each include: a file identifier list 
which manages file identifiers stored in each server; a 
transmitting section which transmits data; a request 
processing section which processes a file access request 
and instructs said transmitting section to transmit the 
processed result to said terminals; and an access request 
monitoring section which monitors a file access request 
being made from said terminals to said virtual server, 
and which passes said file access request to said request 
processing section only when the file identifier con- 
tained in said file access request is stored in said file 
identifier list. 

8. A virtual file management system according to claim 7, 
capable of supporting the creation of a new file, wherein 

one of said plurality of servers includes: a master file 
identifier list which manages the file identifiers of files 
stored on said plurality of servers; an identifier creation 
section which creates a new file identifier not yet 
existing in said master file identifier list; a server 
selection section which selects a server where real data 
of said file is to be stored; a file creation section which 
instructs the server selected by said server selection 
section to create said file with said file identifier created 
by said identifier creation section; and a master list 
updating section which adds said file identifier to said 
master file identifier list, 
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said access request monitoring section is also capable of 

monitoring a file creation request, and 
each of said plurality of servers further includes a list 

updating section which updates said file identifiers 

stored in each server in compliance with an instruction 

from said file creation section, 

9. A virtual file management system comprising a plural- 
ity of servers, a plurality of terminals that share file services 
provided by said servers, and at least one virtual file man- 
agement apparatus, wherein 

said at least one virtual file management apparatus com- 
prises: a management table which manages files stored 
on said plurality of servers by using virtual file 
identifiers, and in which a server name of a server 
where real data is stored and a real file identifier in said 
server are stored as a set for each of said virtual file 
identifiers; a receiving section which receives a file 
access request from each of said terminals; a request 
analyzing section which checks said management table 
by using the virtual file identifier contained in the file 
access request received by said receiving section, and 20 
thereby determines the server where the real data of the 
requested file is stored; a transmitting section which 
transmits data; and a request modification processing 
section which modifies said file access request so that 
a response to said file access request can be sent back 25 
to the terminal that issued said access request, directly 
from the server determined by said request analyzing 
section, and which instructs said transmitting section to 
transmit said modified file access request to said deter- 
mined server, and 

said plurality of servers each include a request processing 
section which receives the file access request transmit- 
ted from said transmitting section of said virtual file 
management apparatus, and processes said received file 
access request, and which transmits the processed 
result to said terminal at least when said file access 
request is a request to read file contents. 

10. A virtual file management system comprising a plu- 
rality of servers for storing files, a plurality of terminals for 
issuing requests for supply of designated files from among 40 
said files, and a network connecting said servers with said 
terminals, wherein 

at least one of said servers includes: file management 
means for managing corresponding relationships 
between the files stored on said plurality of servers and 45 
the servers where the files are stored; request frequency 
Storage means for storing the frequencies of the 
requests m ade from said terminals wjj flpr' a f "^ rjbgfl 
period ofjimg fof*each managed file and/or for each 
managed server; and file move control means for 50 
selecting a file satisfying a prescribed criterion from 
among said managed files by using said stored request 
frequencies, and for moving said selected file from the 
server where said file is stored to another server. 

11. A virtual file management system according to claim 55 
10, wherein when said request frequency storage means 
stores said frequencies for each file, selecting a file satisfy- 
ing a prescribed criterion by using said stored request 
frequencies means checking said stored request frequencies 
and selecting a file with the highest request frequency, 60 

12. A virtual file management system according to claim 
10, wherein when said request frequency storage means 
stores said frequencies for each server, selecting a file 
satisfying a prescribed criterion by using said stored request 
frequencies means checking said stored request frequencies 65 
and selecting a file stored in a server with the highest request 
frequency. 
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13. A virtual file management system according to claim 
10, wherein when said request frequency storage means 
stores said frequencies for each file and for each server, 
selecting a file satisfying a prescribed criterion by using said 
stored request frequencies means selecting a server with the 
highest request frequency from among said plurality of 
servers and then selecting a file with the highest frequency 
from among the files stored on said selected server, 

14. A virtual file management system comprising a plu- 
rality of servers for storing files, a plurality of terminals for 
issuing requests for supply of designated files from among 
said files, and a network connecting said servers with said 
terminals, wherein 

at least one of said servers includes: file management 
means for managing corresponding relationships 
between the files stored on said plurality of servers and 
the servers where the files are stored; request frequency 
storage means for storing the frequencies of the 
requests made from said terminals within a prescribed 
period of time for each managed file and/or for each 
managed server; file duplication control means for 
selecting a file satisfying a prescribed criterion from 
among said managed files by using said stored request 
frequencies, and for duplicating said selected file to a 
server different from the server where said file is stored; 
and request processing means for, when said requests 
occur simultaneously for said duplicated file, process- 
ing said requests by also including said different server 
as a target. 

15. A virtual file management system according to claim 
14, wherein when said request frequency storage means 
stores said frequencies for each file, selecting a file satisfy- 
ing a prescribed criterion by using said stored request 
frequencies means checking said stored request frequencies 
and selecting a file with the highest request frequency. 

16. A virtual file management system according to claim 
14, wherein when said request frequency storage means 
stores said frequencies for each server, selecting a file 
satisfying a prescribed criterion by using said stored request 
frequencies means checking said stored request frequencies 
and selecting a file stored in a server with the highest request 
frequency. 

17. A virtual file management system according to claim 
14, wherein when said request frequency storage means 
stores said frequencies for each file and for each server, 
selecting a file satisfying a prescribed criterion by using said 
stored request frequencies means selecting a server with the 
highest request frequency from among said plurality of 
servers and then selecting a file with the highest frequency 
from among the files stored on said selected server. 

18. A virtual file management system constructed with a 
plurality of servers and a plurality of terminals that share file 
services provided by said servers, wherein 

at least one of said plurality of servers includes a virtual 
file management apparatus which centrally manages 
files stored on said plurality of servers by using a virtual 
file management table in which a virtual file identifier, 
a server identifier of each of said servers, and a real file 
identifier of each of said files are stored as a set, and 

said system comprises: a file access table in which an 
access count is stored for each of said virtual file 
identifiers; a file access count updating section which, 
when said virtual file management apparatus has 
received a file access request for a virtual file identifier 
from any one of said terminals, updates the access 
count corresponding to said virtual file identifier in said 
file access table; a timer; and a file move management 
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section which is activated by said timer at predeter- 
mined intervals of time, and which checks the access 
counts in said file access table, moves real data corre- 
sponding to one or more virtual file identifiers between 
said plurality of servers, updates said virtual file man- 
agement table, and resets said file access table. 

19. A virtual file management system constructed with a 
plurality of servers and a plurality of terminals that share file 
services provided by said servers, wherein 

at least one of said plurality of servers includes a virtual 
file management apparatus which centrally manages 
files stored on said plurality of servers by using a virtual 
file management table in which a virtual file identifier, 
a server identifier of each of said servers, and a real file 
identifier of each of said files are stored as a set, and 

said system comprises: a server access table in which an 
access count is stored for each of said server identifiers; 
a server access count updating section which, when 
said virtual file management apparatus has received a 
file access request for a virtual file identifier from any 
one of said terminals, locates the server identifier 
corresponding to said virtual file identifier in said 
virtual file management table, and updates the access 
count corresponding to said server identifier in said 
server access table; a timer; and a server move man- 
agement section which is activated by said timer at 
predetermined intervals of time, and which checks the 
access counts in said server access table, moves real 
data corresponding to one or more virtual file identifiers 
between said plurality of servers, updates said virtual 
file management table, and resets said server access 
table. 

20. A virtual file management system constructed with a 
plurality of servers and a plurality of terminals that share file 
services provided by said servers, wherein 

at least one of said plurality of servers includes a virtual 
file management apparatus which centrally manages 
files stored on said plurality of servers by using a virtual 
file management table in which a virtual file identifier, 
a server identifier of each of said servers, and a real file 
identifier of each of said files are stored as a set, and 

said system comprises: a file access table in which an 
access count is stored for each of said virtual file 
identifiers; a server access table in which an access 
count is stored for each of said server identifiers; an 
access count updating section which, when said virtual 
file management apparatus has received a file access 
request for a virtual file identifier from any one of said 
terminals, locates the server identifier corresponding to 
said virtual file identifier in said virtual file manage- 
ment table, and updates the access count corresponding 
to said virtual file identifier in said file access table as 
well as the access count corresponding to said server 
identifier in said server access table; a timer; and a 
move management section which is activated by said 
timer at predetermined intervals of time, and which 
checks the access counts in said server access table as 
well as in said file access table, moves real data 
corresponding to one or more virtual file identifiers 
between said plurality of servers, updates said virtual 
file management table, and resets said file access table 
and said server access table. 

21. A virtual file management system constructed with a 
plurality of servers and a plurality of terminals that share file 
services provided by said servers, wherein 

at least one of said plurality of servers includes a virtual 
file management apparatus which centrally manages 
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files stored on said plurality of servers by using a virtual 
file management table in which a plurality of identifier 
pairs, each consisting of a server identifier of each of 
said servers and a real file identifier of each of said files, 

5 are stored in corresponding relationship to each virtual 
file identifier, and 
said system comprises: a file access table in which an 
access count is stored for each of said virtual file 
identifiers; a file access count updating section which, 

10 when said virtual file management apparatus has 
received a file access request for a virtual file identifier 
from any one of said terminals, updates the access 
count corresponding to said virtual file identifier in said 
file access table; a timer; and a duplication management 

35 section which is activated by said timer at predeter- 
mined intervals of time, and which checks the access 
counts in said file access table, duplicates real data 
corresponding to a frequently accessed virtual file 
identifier to one or more servers selected from among 

2Q said plurality of servers, adds the real file identifier and 
server identifier of the duplicated data to said virtual 
file management table, and resets said file access table. 

22. A virtual file management system constructed with a 
plurality of servers and a plurality of terminals that share file 

25 services provided by said servers, wherein 

at least one of said plurality of servers includes a virtual 
file management apparatus which centrally manages 
files stored on said plurality of servers by using a virtual 
file management table in which a plurality of identifier 

3 q pairs, each consisting of a server identifier of each of 
said servers and a real file identifier of each of said files, 
are stored in corresponding relationship to each virtual 
file identifier, and 
said system comprises: a file access table in which an 

35 access count is stored for each of said virtual file 
identifiers; a file access count updating section which, 
when said virtual file management apparatus has 
received a file access request for a virtual file identifier 
from any one of said terminals, updates the access 

40 count corresponding to said virtual file identifier in said 
file access table; a timer; and a duplication/deletion 
management section which is activated by said timer at 
predetermined intervals of time, and which checks the 
access counts in said file access table, duplicates real 

45 data corresponding to a frequently accessed virtual file 
identifier to one or more servers selected from among 
said plurality of servers, deleting all but one or more 
server identifier/real file identifier pairs from said vir- 
tual file management table for an infrequently accessed 

50 virtual file identifier, updates said virtual file manage- 
ment table, and resets said file access table. 

23. A medium for use with a virtual file management 
system constructed with a plurality of servers and a plurality 
of terminals that share file services provided by said servers, 

55 said medium providing a program recorded thereon for 
implementing: a function A that manages files stored on 
said plurality of servers by using virtual file identifiers 
and that stores a server name of a server where real data 
is stored and a real file identifier in said server as a set 

60 in a management table for each of said virtual file 
identifiers; a function B that receives a file access 
request from each of said terminals; a function C that 
checks said management table by using the virtual file 

65 identifier contained in said received file access request, 
and thereby determines the server where the real data of 
the requested file is stored; a function D that modifies 
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said file access request so that a response to said file 
access request can be sent back to the terminal that 
issued said access request, directly from said deter- 
mined server, and that instructs a transmitting section to 
transmit said modified file access request to said deter- 
mined server; and a function E that receives the file 
access request transmitted from said transmitting sec- 
tion and processes said received file access request, and 



40 



that transmits the processed result to said terminal at 
least when said file access request is a request to read 
file contents. 

24. A medium providing a program recorded thereon for 
implementing the functions of all or part of the means of the 
virtual file management system as described in any one of 
claims 1 to 22. 
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